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I. INTRODUCTION 


A. GENERAL 
Three objectives of the Naval Aviation Maintenance Program's (NAMP) aviation 
material readiness standards established by the Chief of Naval Operations (CNO) are: 


1. Achieve, for all Navy and Marine Corps aircraft. a 78% mission capable rate 
for deployed aircraft and a 73% mission capable rate overall; a 61% full 
systems capable rate for deployed aircraft and a 56% full systems capable rate 
overall. 


tJ 


Reduce the growth rate in Maintenance Man-hours per Flight-Hour 
(MMH, FH) to zero and maintain a level no higher than the FY-78 average. 


3. Reduce the growth rate in maintenance and support costs per flight-hour to 
zero and maintain a level no higher than the FY-78 average. [Ref. 1: p. 2-1] 


It is the responsibility of Naval aviation squadrons to meet these objectives with 
optimum use of manpower, material, and funds. Such is the case with the United 
States Navy s and United States Marine Corps’ 21 H-46 helicopter squadrons. The 
H-46 Sea Knight is shown in Figure 1.1. 

The H-46 Sea Knight was developed and manufactured by the Boeing Aircraft 
Company's Vertol Division in the 1960s. Since that time many of the helicopter's 
systems have been modified or changed completely. Increasingly complex helicopter 
systems and the diverse nature of Naval aviation operating requirements place a high 
premium on the ability of squadron maintenance people to achieve the aircraft material 
readiness standards. This ability is a function of the training that these people receive 
and the tools at their disposal. Any means that can be used to increase the 
effectiveness of the maintenance process should enhance the ability of achieving these 
objectives. 

Artificial intelligence techniques offer a promising means for helping maintenance 
personnel. Specifically, the type of computer program Known as an expert system 
deserves consideration for this purpose. A prototype expert system program known as 
the Computer-Aided Diagnostic System (CADS) has been developed by the author to 
test the value of such a system; that is, to demonstrate feasibility and applicability of 


expert systems technology to Naval aviation maintenance. 





Figure 1.1 H-46 “Sea Knight” Helicopter. 


B. BACKGROUND 

To understand the application of CADS a brief familiarization of the helicopter 
Squadrons’ current maintenance troubleshooting process is necessary. When a 
helicopter system discrepancy is discovered by pilots, aircrew, or maintenance 
personnel, the discrepancy is documented on a Maintenance Action Form (MAF). 
The MAF is processed by the squadron’s Maintenance Control Office, which routes 
the MAF to the appropriate maintenance shop, 1te., hydraulics shop, power plants 
shop, or electrical shop. The maintenance personnel of the shop, who are trained in 
that specific aircraft system, follow the Maintenance Information Manuals’ (MIMs) 
troubleshooting procedures to isolate the problem or symptom, find the cause, then 
take the appropriate corrective action. There are approximately 15 separate MIMs 
volumes. Each volume contains troubleshooting procedures for a specific helicopter 


systen.. 


C. APPLICATION OF CADS 

CADS is designed as a prototype microcomputer-based expert system to aid 
maintenance personnel (or other squadron personnel) diagnose helicopter equipment 
failures. Given a helicopter system discrepancy, CADS will help find the cause of the 


discrepancy. 


Helicopter aircraft systems are complex. Finding the cause of a helicopter system 
discrepancy can involve difficult and time-consuming troubleshooting techniques. Yet 
maintenance people must be able to repair helicopter problems quickly and efficiently 
to provide aircraft that are fully systems-capable for the next operational commitment. 
When the aircraft problem is complicated, difficult to troubleshoot, and not covered 
adequately in the MIMs, troubleshooting sometimes becomes the mere changing of 
black boxes and hoping the problem will become fixed. This can result in curing the 
syinptom but not the cause, aggravation of the problem, and time and money wasted 
in maintenance man-hours and parts costs. It is anticipated that the use of a fully 
developed CADS could reduce or even eliminate this problem. 

CADS also can be used in the squadron as a training tool for maintenance 
troubleshooting procedures. A fully developed CADS would contain knowledge 
representing the entre maintenance diagnostic expertise of an aircraft community. 
Utilizing the trace feature of this expert system, maintenance persons perhaps could 
observe CADS’ reasoning process in finding the cause of the problem, given the 
discrepancy. 

Such a fully developed CADS would also provide a comprehensive, stable 
diagnostic knowledge base, regardless of personnel turnover. The nature of military 
tours of duty creates the problem of loss of corporate knowledge as experienced people 
are transferred elsewhere. The diagnostic skills of maintenance experts would remain in 
the squadron’s CADS long after the experts have departed. 

The H-46 helicopter has recently undergone significant systems modifications in 
an effort to extend its serviceable life. Under the Surviveability, Reliability, and 
Maintainability (S,R,£M) Program all H-46 “A” and “D” models will have significant 
systems modifications, and be redesignated CH-46D. A problem associated with the 
S.R,&M Program is the lack of knowledge concerning the modified helicopter systems 
among operational squadron personnel. The CADS developed for this project contains 
the troubleshooting process as described in the updated MIMs for S,R,@&M _ helicopters 
(CH-46D), and knowledge acquired from identified H-46 experts. 

Although the CADS developed for this project is not truly fully developed, it can 
serve aS a prototype to demonstrate the feasibility of applying expert system 
technology to the United States Navy’s H-46 helicopter maintenance diagnostic 


process. 


D. OBJECTIVES 
The objectives of this study are as follows: 


I. Develop a prototype CADS to demonstrate the feasibility of applying expert 
system technology to a maintenance diagnostic process. The diagnostic expert 
system program is written by the author utilizing the M.1 Knowledge System 
Development Tool (version 2.1) by Teknowledge, Inc. 


to 


Demonstrate the CADS applicability to the United States Navy's H-46 
helicopter maintenance process. 


E. RESEARCH QUESTIONS 


The main question addressed in this study can be summarized as: 


Is a computer-aided diagnostic system feasibie and applicable to the United 
States Navy's H-46 helicopter maintenance process? 


Secondary questions pertaining to the research areas are: 
1. Squadron applications. 
e How would the maintenance personnel use CADS? 


e How could the CADS knowledge base provide a valuable training tool for 
maintenance personnel? 


e Could the CADS knowledge base contain the corporate knowledge of the 
H-46 helicopter community's maintenance diagnostic expertise, regardless 
of personnel turnover? 


¢ Can other people in the squadron use CADS program besides maintenance 
personnel? How will they use CADS? 


e Why is development of CADS particularly germane in view of the recent 
H-46 systems modifications (S,R,&M)? 


Use of CADS. 


» What interaction is required between CADS and the user? 


w 


e What are the hardware, software, and memory requirements? 


F. SCOPE AND LIMITATIONS 

This research focuses on the development of the CADS prototype program, and 
on its applicability to the helicopter maintenance process. The prototype CADS 
includes knowledge related to diagnoses of the hydraulic and electrical systems of the 
S,R,&M CH-46D helicopter. The prototype addresses every symptom and problem 
cause for these two systems as specified in the MIMs troubleshooting tables. It also 
contains a limited amount of the heuristic Knowledge of Naval Aeronautical 


Engineering Service Unit (NAESU) technical representatives, and squadron 


maintenance experts. A fully developed CADS is beyond the time and monetary 
constraints of this research. The prototype CADS software is intended as an aid to 
using the MIMs. The prototype is by no means a replacement for these technical 
publications. However, ultimately a fully developed CADS could preclude the use of 
Written maintenance manuals. 

This research will not include a discussion of CADS implementation issues in the 
helicopter squadrons. Testing the diagnostic expert system program in the squadron 


will be limited; therefore the program cannot be considered completely validated. 


G. ORGANIZATION OF STUDY 

Chapter II contains a description of the Naval Aviation Maintenance Program's 
Maintenance Data System (MDS). Discussion includes maintenance documentation 
procedures, troubleshooting procedures, and how integrating CADS could enhance the 
process, thereby improving readiness of the squadrons. Chapter III discusses 
knowledge-based expert systems, and the M.1 knowledge-based system development 
tool. Chapter IV describes in detail the development of the prototype CADS, and how 
it works. Chapter V discusses the results and conclusions of this research. It also 
provides sugeestions for further study, and recommendations for the use of CADS and 
M.l. Chapter VI provides an executive summary of this study and its results. 
Appendix A contains a glossary of acronyms used in this study. A sample diagnostic 
consultation session is contained in Appendix B. The prototype CADS knowledge 


base is contained in Appendix C. 
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II. SQUADRON MAINTENANCE: 
CURRENT PROCESS AND CADS INTEGRATION 


Prior to describing how expert systems work and the CADS development 
process, it is necessary to describe the aviation MDS used by the helicopter 
troubleshooters, in order to understand how CADS would be integrated. This chapter 
explains MDS, maintenance action documentation procedures, troubleshooting 


procedures, and integrating CADS into the troubleshooting process. 


A. MAINTENANCE DATA SYSTEM 
The MDS was developed to provide data input to the NAMP for the purpose of 
meeting the aviation material readiness standards established by the CNO. The 


description of MDS is quoted directly from volume II of NAMP: 


The MDS is a Management Information System (MIS) designed to provide 
statistical data for use at all management levels relative to: 


a. Equipment maintainability and reliability. 


b. Equipment configuration, including alteration and Technical Directive (TD) 


status. 
c. Equipment mission capability and utilization. 
d. Material usage. 
e. Material nonavailability. 
f. Maintenance and material processing times. 


ga 


Weapon system and maintenance material costing. [Ref. 2: p. 11-1] 
The MDS requires that any work done on an aircraft is to be documented by the 
person performing the work. The maintenance person converts a brief narrative 
description of the job into codes and enters the coded information onto standard forms 
or source documents. The source documents are collected and forwarded to a data 
service facility, where the data are converted to machine records. From these records 
Maintenance Data Reports (MDR) are produced, which are periodic report listings 
summarizing the maintenance data. The MDRs are supplied to squadron maintenance 


Supervisors to assist them in planning and directing the maintenance effort. 
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Application of the management information provided by the MDR assists in 
identifving, among other things, trend analysis of the following: 
e Areas in which there are skill or training deficiencies. 
e Efficient or inefficient use of available manpower. 
e Parts with high failure rates. 
e Inadequate troubleshooting. 


These four areas are specifically noted as they are most applicable to this research. 


B. MAINTENANCE ACTION DOCUMENTATION PROCEDURES 

One type of MDS source document is the Visual Information Display 
System! Maintenance Action Form (VIDS/MAF) shown in Figure 2.1. VIDS;MAFs 
are used to document over 17 specific types of maintenance actions, as outlined in 
NAMP. Included are such maintenance actions as troubleshooting man-hours, 
removal and replacement of aircraft parts, repair, the performance of scheduled 
inspections, and accumulated man-hours as a result of work stoppage for parts or 
maintenance. 

A VIDS;MAF is originated by the squadron Maintenance Control Office 
personnel or by aircrew, when an aircraft discrepancy is discovered. The form is also 
used to document scheduled periodic maintenance or special aircraft inspections that 
become due. The initiated VIDS:MAF provides for recording, among others, the 
following types of data, quoted directly from NAMP: 

pee om Control Number (ICN). 


b. Identity of the organization and the work center in which the work is being 
performed. 


c. The type equipment, system, subsystem, and component upon which work is 
being performed. 


d. How the malfunction/discrepancy/failure occurred, and when it was discovered, 
and the action taken to correct it. [Ref: 2: p. 11-3] 


Maintenance Control forwards a copy of the VIDS/MAF to the appropriate 
Pon center For example, if the discrepancy is No.l Generator failure light 
illuminated in flight”, the VIDS/MAF copy will be routed to the electrical shop. The 
work center supervisor screens the document, enters applicable data, and assigns 
workers to the task. 

When complex problems occur, troubleshooting often requires a great amount of 


time. In these cases troubleshooting time is separated from repair time by 
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Figure 2.1 VIDS/MAF Showing No.1 Generator Failure Light Discrepancy. 
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documenting two VIDS/MAFs: one to reflect troubleshooting time, the other to 


record repair time. 


C. TROUBLESHOOTING PROCEDURES 

The maintenance personnel assigned to correct the discrepancy consult the 
appropriate MIMs volume. In the above example, it would be the Electrical Systems 
volume. Within each of the 15 MIMs volumes are either troubleshooting tables or 
troubleshooting sections, which outline isolation procedures for system symptoms. 
Maintenance people from the work center perform the isolation procedures, diagnosing 
the discrepancy to find the cause of the problem. Consider the example symptom of a 
No.l Generator failure light that has illuminated on the helicopter’s cockpit caution 
light panel. This symptom description would be entered on the VIDS, MAF by the 
aircrewman who discovered it, as shown in Figure 2.1. It is similarly listed in the 
MIMs troubleshooting tables as "GEN FAIL light on (both generators on) rotors at 
Niches vi [Ref 3: p. 3). 

The maintenance workers search the troubleshooting tables of the Electrical 
System MIM for this specific symptom, then perform the isolation procedures. A 
portion of the troubleshooting tables, which they would use for this particular problem, 
is contained in Figure 2.2 [Ref. 3: p. 3]. Other than what is contained in the 
troubleshooting tables, the MIMs do not fully describe each step of action and its 
consequences. The troubleshooters learn this through training and experience. This 
experience could easily be included in CADS. A flow diagram of this troubleshooting 
procedure for this example is shown in Figure 2.3 to assist the reader. 

According to the MIMs troubleshooting tables, there are two possible outcomes 
from this isolation procedure, 1.e., 1) the generator comes on line, and the No.1 GEN 
FAIL light extinguishes, or 2) the No.1 GÉN FAIL light remains illuminated. For the 
first outcome, the MIM gives the cause as a supervisory panel malfunction. For the 
second, the troubleshooters perform subsequent isolation checks, to find the possible 
Ca e e cengrator failure. See Figures 2.2 and 2.3. 

This structured, methodical process of searching for the possible cause of an 
aircraft problem is universal in Naval aviation maintenance. Having found the exact 
cause of the problem after performing all applicable isolation procedures, the 
maintenance workers again refer to the MIMs. Each problem cause has specific 
corrective actions, which are briefly mentioned in the troubleshooting tables. Detailed 


corrective action procedures are contained in other sections of the MIMs. 


17 


A1-H46AE-420-000 


6. Table 1 includes isolation procedures and 
corrective actions for symptoms identified by 


letters as follows: 


A. GEN FAIL light on (both generators on) 


rotors at flight RPM. 


B. One ESSENTIAL BUS light on (either or 
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D. One DC BUS light on (either or both 
generators on) rotors at flight RPM. 


E. Opposite DC BUS light on (one generator 


on) rotors at flight RPM. 


7. When troubleshooting the AC/DC generation 


both generators on) rotors at flight RPM. 


systems refer to the following schematics: 


a. AC System — WP 003 00, figure 2. 


C. One or both ESSENTIAL BUS lights on 


(associated with one generator) rotors at flight 


RPM. 


CAUSE 


figure 2. 


Table 1. AC System Troubleshooting 


ISOLATION PROCEDURE CORRECTIVE ACTION 


A. Gen Fail Light On (Both GEN’s On) Rotors At Flight RPM. 


Supervisory 
Panel 
Malfunction 


Generator 
Malfunction 


PMG 
Output 


Incorrect 


Figur? 


With generators “OFF” 

cross connect the opposite 
Supervisory Panel into 
malfunctioning system 

using both test cables (figures 
1 and 2) turn "ON" discrepant 
AC system. ` 


With main generators selected 
and both generator switches “ON”, 
check for 115 to 120 vac pins A, B, ` 
and C to ground of the related 
generator test receptacle 

(161J3) (161J4) or terminals M, 

P, and R respectively of the 
terminal board on generator 

test cable (figure 1). 


With generators off, connect the 
generator test cable (figure 1) 
between the supervisory panel 
receptacle and connector plug 

(241 PS) (241P6) on the malfunc- 
tioning system. At the test termi- 
nal board, check for approximately 
38 vac between ground and term- 
inal E and terminal H. 
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b. DC System and Battery — WP 004 00, 


If generator comes on line, 
remove and replace super- 
visory panel. 


If voltages are correct, check 
phasing, contactor control and 
switch control. If all voltages 
are missing or very low, check 
excitation, PMG output and 
feeder fault. If one or two 
voltages are zero, check gen- 
erator feeder wires. (NOTE: 
Voltage readings taken at test 
receptacles with generator 
switch in test position are no 
load voltage indications.) 
These readings may not indi- 
cate an RFI generator. 


If voltage is low, disconnect 
test cable receptacle at helicop- 
ter cable plug and repeat 
measurement. If voltage does 
not rise to approximately 38 
vac, the pm section of the gen- 
erator is defective. If voltage 
is normal, check exciter wind- 
ing. 


Electrical Systems MIMs Troubleshooting Table. 


AC SYSTEM SYMPTOM: ` |  #1GEN FAIL Light On 


Pertorm first isolation procedure 











ISOLATION 
PROCEDURES 
OUTCOMES: 










Generator does not come 
on line 
GEN FAIL Light Still ON 





Generator Comes On Line and 
GEN FAIL Light Extinguishes 












Problem Cause = Supervisory Panel 
Malfunction 


Perform 2nd Isolation 
Procedure 





ISOLATION 
BROGSOURES 
OUTCOMES: 





VOLTAGES CORRECT 






ONE OR TWO VOLTAGES || VOLTAGES MISSING 
ZERO OR VERY LOW 


ISOLATION 
PROCEDURES 
OUTCOMES: 


IMPROPER PHASE ROTATION 





Check: Phasing, 
Contactor 
Control, 
Switch Control 
Perform Isolation 
Procedures 














PHASING OK 






Perform Contactor 





Problem Cause = Phasing 


Connections Incorrect Control Isolation 


Procedures 





ISOLATION 
PROCEDURES 
OUTCOMES: 


28 VOC NOT PRESENT 20 VD PRESENT CONTACTOR OK 


Problem Cause = Problem Cause = Perform Switch Control 
Faulty Wiring |' |Faulty Contactor Isolation Procedures 


Control 





Figure 2.3 Troubleshooting Flow Diagram. 
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D. INTEGRATING CADS INTO THE TROUBLESHOOTING PROCESS 

Diagnosing helicopter discrepancies is a process which involves more than simply 
following isolation procedures in MIMs. It takes a person with formal knowledge and 
experience to diagnose accurately and to know exactly which parts are defective. Very 
few mechanics in any aircraft squadron are recognized as good troubleshooters. 
Individuals aspiring to be good troubleshooters will constantly refer to the maintenance 
manuals. They will also ask the squadron’s recognized experts how effective 
troubleshooting is performed. What happens when the manuals contain incomplete 
information, or have not been updated with current airframes changes? Worse yet, 
when the experts in the unit are transferred, who will maintain their knowledge and 
experience needed for the maintenance effort, and who will impart that knowledge to 
the people aspiring to attain those skills? 

CADS may solve some of these problems, but may result in others as well. How 
would CADS be integrated into the maintenance troubleshooting process? How would 
the maintenance personnel use CADS in this process? 

Several assumptions are necessary before these questions can be answered. These 
include: 


l. Each squadron work center has (or has access to) a Zenith 248 or IBM PC 
compatible microcomputer. 


2. Each work center has a copy of the CADS program contained on 5.25 inch 
floppy diskettes. 


All maintenance personnel in the squadron have received training on how to 
Operate the microcomputer, and can boot up the CADS program. 


Gd 


4. All maintenance personnel have received training in the use of the CADS 
program. 


Can 


There is a qualified knowledge engineer in the squadron to maintain the CADS 
program. 


When the work center receives a VIDS/MAF, the workers assigned can 
immediately boot up CADS to begin troubleshooting. The MIMs will still be required, 
as the prototype CADS does not contain the corrective-action repair procedures. The 
advantage of CADS is that its use could possibly reduce the time required in 
troubleshooting the discrepancy. CADS offers a much faster means of searching for 
the correct isolation procedures for a problem symptom. 

Using the MIMs is often difficult because the maintenance persons constantly 


must turn pages between the troubleshooting tables, the appropriate part diagrams and 
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figures, and the corrective action procedures section. Using CADS on a 
microcomputer with the MIMs would eliminate the need for constantly referring back 
and forth between sections. The maintenance people can interact with CADS, while 
leaving the MIMs open to the appropriate figures and diagrams. Of course, the 
ultimate system would integrate a fully developed CADS, all maintenance procedures, 
and include all figures and diagrams. Through the use of “pull down windows”, all 
information would be available to the maintenance person on the computer, literally at 
his her finger tips. This would eliminate the need for manuals. 

Cases of rarely occurring or particularly difficult problems may be bevond the 
expertise of squadron maintenance personnel. The symptoms and isolation procedures 
may not be contained in the MIMs troubleshooting tables. The squadron 
Maintenance Officer may request assistance from the NAESU technical 
representatives. The NAESU technical representatives are civilian systems engineers 
with in-depth training and experience with specific aircraft systems. They combine 
formal knowledge with heuristics (rules of thumb) to solve the helicopter’s problem. 

The heuristics of these experts are not contained in the MIMs, but could be 
contained in a fully developed CADS. Historic cases of problems not addressed in the 
MIM=s could be acquired from the experts, then programmed into CADS. Should new 
problems occur, they also could be programmed into CADS. This would further 
expand and improve the CADS knowledge base. This aspect of CADS is particularly 
important when there are no technical representatives readily available. 

Availability of this troubleshooting expertise is often crucial to deployed H-46 
units of the Navy and Marine Corps. The Navy has five Helicopter Combat Support 
Squadrons with H-46 helicopters. Four of the five squadrons deploy units Known as 
detachments on ships at sea for extended periods (six to nine months). Each 
detachment contains two H-46 helicopters, six pilots, and approximately 20 
maintenance men. It is hoped that the detachment members will possess enough 
knowledge and experience to fix any H-46 helicopter problem that could occur, without 
support of the mother squadron or technical representatives. But what if they have a 
problem that is beyond their expertise? Having a fully developed CADS onboard ship 
would prove to be of immeasureable value to deployed H-46 units. 

There are also situations in which non-maintenance people in the squadron could 
utilize CADS. A common scenario involves an aircraft and crew that fly cross country 


to another military airfield, which has limited or no H-46 maintenance support 
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capabilities. Upon post-flight inspection it is found that hydraulic fluid is covering the 
entire inboard aft section of the helicopter. The exact source of the leak is not readily 
apparent. None of the crew are aviation hydraulic systems technicians. They call the 
mother squadron (on a Sunday morning) for help. The duty personnel are all 
admunistrative technicians. Although unfamiliar with maintenance procedures and the 
use of MIMs, the duty persons could provide immediate information to the stranded 
crew. With the CADS diskettes and a microcomputer in the squadron duty office, they 
could boot up CADS, and tell the aircrew the isolation procedures for the symptom. 
The author believes that integrating CADS into the squadron environment could 
improve the effectiveness and efficiency of the squadrons’ maintenance efforts. Quite 
possibly the improvement would be reflected in the MDRs. The MDRs generated 
after CADS integration could be compared to those generated prior to CADS. 
Reductions of troubleshooting man-hours, removal and replacement of aircraft parts, 
repair times, and accumulated man-hours as a result of work stoppage for maintenance 


would be possible indications of improvement. 
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lil. DESCRIPTION OF EXPERT SYSTEMS AND M.1 


A definition of an expert system is given by Professor Edward Feigenbaum of 


Stanford University, one of the leading researchers in expert systems: 


A. 


. an intelligent computer program that uses knowledge and inference 
procedures to solve problems that are difficult enough to require significant 
human expertise for their solution. Knowledge necessary to perform at such a 
level, plus the inference procedures used, can be thought of as a model of the 
expertise of the best practitioners of the field. 

The knowledge of an expert system consists of facts and heuristics. The 
“facts” constitute a body of information that is widely shared, publicly available, 
and generallv agreed upon by experts in the field. The “heuristics” are mostly 
private, little-discussed rules of good judgment (rules of plausible reasoning, rules 
of good guessing) that characterize expert-level decision making in the field. The 
performance level of an expert system is primarily a function of the size and the 
quality of a knowledge base it possesses. [Ref. 4: p. 5] 


EMPHASIS ON KNOWLEDGE-BASED EXPERT SYSTEMS 


Knowledge-based expert systems can be considered the most popular type of 


applied Artificial Intelligence (AI) systems. Why knowledge-based expert systems? AI 


research has been aimed primarily at creating a machine with the capability to perform 


problem solving by attempting to duplicate the human thinking process. Less abstract 


are knowledge-based expert systems, which focus on domain-specific Knowledge used 


for solving narrowly defined problems. 


Fredrick Hayes-Roth, Donald A. Waterman, and Douglas B. Lenat contend that: 


Machines that lack knowledge seem doomed to perform intellectually trivial 
tasks. Those that embody knowledge and apply it skillfully seem capable of 
equaling or surpassing the best performance of human experts. Knowledge 
provides the power to do work; knowledge engineering is the technology that 
promises to make knowledge a valuable industrial commodity. [Ref. 5: p. 3] 


Knowledge engineering can be defined as the technology of building expert 


systems. Knowledge engineers develop expert systems by performing activities of 


problem assessment, knowledge acquisition, and representing the acquired knowledge 


as rules in the system. 
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There are several reasons for emphasis on knowledge-based systems in 
comparison with cognitive reasoning methods, or even conventional programs. First, 
many of the difficult and interesting problems cannot be reduced to an adaptable 
algorithm. Conventional programs process data by means of complex algorithms 
Which yield specific quantifyable results. They are written in code only programmers 
understand. Knowledge-based systems must be user friendly bv their very nature. 
Highly interactive, they require user-supplied answers to questions generated by the 
program in order to function. Knowledge-based systems allow the user to halt the 
processing at any time and ask why a particular line of questioning is being pursued or 
how a particular conclusion was reached. 

Second, human experts have had a good track record at problem-solving in their 
fields because they are knowledgeable. If a computer can be programmed to have this 
knowledge it follows that it too can have good problem-solving performance. 

Third, knowledge engineers and experts maintain knowledge-based systems, while 
programmers maintain conventional programs. The action of a knowledge-based 
system is to reason through a problem, not merely execute a mathematical model. 
Consequently, the skills of experts in the given field are required in order to transfer 
their abilities to the computer and keep those abilities current. 

Fourth, the knowledge base is readable, and can be modified easily. The experts’ 
knowledge can be represented by sets of “if-then” rules written in plain English. 

Barr and Feigenbaum suggest that in order for expert systems to be useful and 
perform at a significant level of expertise they must include: 

e Facts about the domain. 
+ Hard and fast rules or procedures. 


e Problem situations and what might be good things to do when you are in them 
(heuristics). 


e Global strategies (methods of approaching any problem within the overall 
domain). 


e Differential diagnoses (methods of breaking specific large problems into smaller 
ones to solve). 


e Possible theories about the domain itself (how and why the domain is the wav it 
is). [Ref. 6: p. 81] 


Aircraft troubleshooting readily fits into the context of a knowledge-based expert 
system. Fault diagnosis involves inferring possible causes from a list of observable 


conditions and potential flaws in system components, following an “if-then” format. In 
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the H-46 troubleshooting tables, the observable conditions are the results of the 
isolation procedures listed for each symptom (see Figure 2.2). Each of these 
“observables” infers a possible problem cause. Given the advantages of knowledge- 
based systems (compared to conventional programming), Barr and Feigenbaum’s must- 
have items, plus the “if-then” structure of troubleshooting, a diagnostic svstem fits 


perfectly into the framework of a knowledge-based expert system. 


B. DESCRIPTION OF M.1. 
According to Joseph S. Yavorsky, the M.l expert system shell operates as 


follows: 


M.l is a sophisticated knowledge engineering tool to aid development of 
Knowledge-based expert systems that are diagnostic/prescription oriented. [It is 
capable of containing up to 2500 rules and facts [Ref. 7: p. 1-10]. Typical 
applications contain 100-200 rules]. It is designed to seek a goal defined bv the 
programmer to present a single solution or multiple possible solutions to a 
problem. M.1 will accept UNKNOWN as an answer, answer questions about its 
reasoning during a consultation, and will calculate certainty factors for 
conclusions. It has a sophisticated user interface with windowing capabilities 
which makes it user friendly, and eases the development of a system. M.1 
requires an IBM PC, XT, AT, or compatible microcomputer, using PC DOS 2.0 
or later with a minimum RAM of 512K bytes and two disk drives. [Ref. 8: p. 24] 


CADS was developed using a series of microcomputers (IBM PC, IBM AT, 
COMPAQ, ZENITH 248), with hard disk drives and monochrome and color monitors. 
Although earlier versions of M.1 were implemented in PROLOG, M.1 version 2.0 
and later is written in the C programming language, which is transparent to the user. 
This affords M.1 the capability of accessing database and calculating programs using C 
language patches. This capability was not investigated in this research. M.1 can 
access other M.l programs. The knowledge base program code written by the 
developer can be prepared on any standard word processor such as Wordstar, and 1s in 
the form of facts and “if-then” rules similar to written English. 
1. Inference Engine 
Facts are represented as attribute-value pairs called expressions that describe 
the attributes and relationships of objects. The rules represent application of those 
objects in certain situations. Facts and rules characterize formal and heuristic 


knowledge. The M.I inference engine is described by Yavorsky as follows: 
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The inference engine will seek values for expressions by methodically considering 
previously stored conclusions (cached values), relevant knowledge base entries, 
and information supplied by the user. Previously stored conclusions can be those 
facts that never change that are resident in the program, or values that have been 
determined previously during the run of the program. These conclusions are 
stored in what is known as the cache. Relevant knowledge base entries are the 
rules and processes in the program which will determine through inferencing, the 
values for the expression. If values have not been determined by either the 
search through the cache, or by inferencing, then M.l asks the user 


What is the value of: Expression? 


The reference manual for ©M.1 gives a succinct example of the order in which a 
value is sought for an expression [Ref. 7: pp. 4-2 - 4-3}: 


As an example, consider the simplest possible knowledge base, consisting of a 
single knowledge base entry: 


eval = advice 


When you begin a consultation using this knowledge base, the following events 
take place: 


l. The inference engine identifies the goal expression of the consultation and 
begins to seek a value for advice. 


1) 


M.l checks to see if advice is an arithmetic expression for which it can simply 
compute the values sit isanem 


Ua 


M.l searches the cache for a prior conclusion for advice. As no such 
conclusion yet exists, the search is unsuccessful. 


4. M.1 searches through the knowledge base for an entry that can help 
conclude a value for advice. No such entry exists, so again the search fails. 


ws 


M.l asks a question: 

What is the value of: advice? 
to which you may respond: 

> > sell < Enter > 


6. The system has found a value for its goal expression. M.l displays the 
conclusion, along with its justification, and returns you to the top-level 
interpreter. 


advice = sell (100%) 
because you said so 


M.1> 


The method M.1 uses to seek values for expressions via knowledge base entries is 
called backward chaining. [Ref. 8: pp. 24 - 26] 
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Backward chaining is a control strategy that starts with a goal or an expected 
conclusion and works backwards, looking for evidence (other goals or expressions) that 


support or contradict the expectation. Backward chaining is shown in Figure 3.1. 


If A and B Then C 


If D Then A If G and H Then B 


/ 


If E Then A If J Then G 


/ 


If F Then E If K Then H 





Figure 3.1 Backward Chaining. 


The M.l reference manual gives a good example of its use of backward 


chaining: 


... consider the following simple knowledge base: 


kb-1: goal = best-color. 
kb-2: if main-component = fish 

then best-color = white. 
kb-3: if day-of-week = friday 

then main-component = fish. 
kb-4: question(day-of-week) = 

‘What is the day of the week?’. 
kb-3: if best-color = white 

then wine = chablis. 


When a consultation is run with this knowledge base, the following takes place: 


l. M.l begins seeking the goal expression, best-color. After first checking the 
cache, the inference engine tries to find a knowledge base entry that might 
conclude a value for best-color. 


2. Finding kb-2, the inference engine then tests the premise of that rule by 
trying to find a value for main-component. 


3. After checking the cache and finding no conclusion mentioning main- 
component, the inference engine locates kb-3 and tries to use it. Kb-3 causes 
M.1 to seek day-of-week. 


4. The only knowledge base entry that can help find a value for day-of-week is 
kb-4, so you are asked the question: 


What is the day of the week? 
>> 


5. If you answer friday, M.1 concludes that day-of-week is equal to friday, and 
notes that fact in the cache. 


6. This causes kb-3 to succeed, and M.1 notes that main-component = fish in 
the cache: 


7, This causes kb-2 to succeed, and the inference engine notes that best-color = 
White. Since this is the goal of the consultation, M.1 displays its conclusions 
and returns you to the top-level interpreter: 


best-color = white (100%) 
because kb-2 
M.1> 


Had you answered anything other than friday, all the rules would have failed and 
M.1 would have indicated that it could not find a value for the goal expression: 


best-color was sought, but 
no value was concluded. 


Note that M.l does not invoke kb-5 even though logically it could use kb-5 to 
infer that wine = chablis after the last conclusion was noted. It does not do so 
because nothing caused it to seek the value of wine. M.l never invokes a rule 
unless its conclusion provides a value for the expression currently being sought. 
An expression is never sought unless it 1s explicitly declared to be a goal (or 
initial data) cr unless it is sought as a result of backchaining from a goal. 
(Ref. 7: pp. 4-11 - 4-13] 


M.1 also has a limited forward chaining capability. Forward chaining starts 
with known or available information provided by the user, stored in the cache, or with 
facts in the knowledge base. The goal or conclusions are based on pre-determined 
rules and the available information. Forward chaining is shown in Figure 3.2. This 


control mechanism can also be used to seek expressions and conclusions that are in a 
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Given A and B and C 


If A and B Then D If C Then E 


PS, Aa 


Add D and E to Working Memory 


FA 


If D and E Then F 


Add F to Working Memory 





Figure 3.2 Forward Chaining. 


sequence-specific pattern. The M.l command whenfound or whencached forces the 
inference process to search rules in a particular sequence. Used in the form | 

whenfound(EXPRESSION = VALUE) = LIST 
means that if the EXPRESSION has the specified VALUE, then the LIST, which can 
be one or more other EXPRESSIONS, is true. For example, if the discrepancy on an 
H-46 is “No.1 Generator failed in flight”, this is an Alternating Current (AC) electrical 
system problem. A control mechanism is needed to force M.1 to exclusively search 
rules that deal with the AC electrical svstem: 

whenfound(major-system = electrical) = 

[ electrical-sub-system, electrical-sys-symptom ]. 

M.I! will interrupt its backward-chaining process to seek values for the two 
EXPRESSIONS in the brackets. In the above example, the user would be prompted 
for values of the two EXPRESSIONS 


Which electrical sub-system is the problem located? 


1. AC system 
2. DC system 
. APU system 


U2 
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The correct responsemelne 

> > AC system < Enter > 
therefore 

electrical-sub-system = AC system. 
The value for electrical-sys-symptom is found similarly. When it has found those values 
it resumes its backward-chaining search through rules with those specific values. 

2. Uncertainty 
There are cases when the troubleshooters are not absolutely certain that they 

have found the specific cause of a problem. Even having followed the proper 
diagnostic procedures, which led to one cause, there exists the uncertainty that there 
may be another cause of the problem. M.i has the ability to represent and use 


uncertain knowledge. Yavorsky discusses M.1’s handling of uncertainty as follows: 


Certainty factors indicate the degree to which a fact is believed as indicated by an 
integer between -100 and + 100, where: 


+ 100 represents compiete certainty: 
ə 20 represents a minimum threshold of belief. 
e represents no evidence for or against. 


e Negative numbers represent belief that the fact is false. 


- 100 represents complete certainty that the fact is false. 
Within M.1 certainty factors less than 100 (the default value) may arise because: 


e the answer to a question is qualified by a certainty factor, or, 
e a fact in the knowledge base has an attached certainty factor, or, 


e the conclusion of a rule contains a certainty factor. [Ref. 7: p. 4-16] 


As evidence accumulates during a consultation, certainty factors must be 
combined to come up with a single level of confidence for the final conclusion. 
[In combining two positive certainty factors, the formula used 1s: 


CF-noted = CF1 + (CF2)% of (100 - CFI). 
An example is shown in Figure 3.3 {Ref. 7: p. 4-17]. Certainty Factor 1 (CF1) = 


50 and Certainty Factor 2 (CF2) = 30. So the Certainty of the conclusion (CF- 
noted) = 65 or: 


65 = 30 + (.30) * (100 - 50). 


The combination of two pieces of negative evidence is the same as that for two 
pieces of positive evidence, with the exception that after the calculation, the 
negative is taken of the result. The formula is thus: 


30 


CF 30 


kb-1: if main-component = meat 
then best-color = red cf 50. 
Kb-2: if preferred-color = red 
then best-color = red cf 30. 
kb-3: main-cOmponent = meat. 
kb-4: preferred-color = red. 
Kb-5: goal = best-color. 


best-color = red cf 65 
because kb-1 and kb-2. 





Figure 3.3 Combining Two Positive Certainty Factors. 


il 


CF-noted = - (| CF1] + | CF2 |% of (100- | CFI ])) 


CEIL CF2% of (100 F CEI). 
For example, for a Certainty Factor 1 (CF1) = -50 and a Certainty Factor 2 
(CF2) = -30 the Certainty Factor concluded (CF-noted) = -65. 

-65 = -50 + (-30) * (100 + (-50)) 
To combine both positive and negative evidence, the two certainty factors are 
added, then the result multiplied by a scaling factor of 100/(100 - A) where A 1s 
the smailer of the absolute values of the two factors. The formula: 

CF-noted = (CFI + CF2) * 100/100 - A), 
A mial CELL CE 

An example is shown in Figure 3.4 [Ref. 7: p. 4-19]. Certainty Factor | (CF1) = 
-50 and Certainty Factor 2 (CF2) = 70. A = min(| -50 |, | 70 |} = 50. So the 
certainty of the conclusion (CF-noted) = 40 or: 


40 = (-50 + 70) * (100/(100 - 50)). [Ref. 8: pp. 27 - 29] 


Sl 


Chest) CF 70 


CF 40 


kb-1: if main-component = fish 
_then besi-color = red cf -50. 
kb-2: if sauce = tomato = 
then hest-color = red cf 70. 
kb-3: main comina ai fish. 
kb-4: sauce = fomato. 
kb-5: gdaj = best-color. 


best-color = red cf 40 
because kb-1 and kh-2. 





Teknowledge Reference Manual provides a 


Figure 3.4 Combining Positive and Negative Certainty Factors. 


list of interesting 


consequences, when using the above method for calculating the combination of 


certainty factors: 
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The final certainty factor is independent of the order in which evidence is found. 


As positive evidence accumulates, the resulting certainty factor approaches, but 
cannot pass, 100. Similarly, accumulating negative evidence can approach, but 
not pass, -100. 


Once the certainty of a conclusion reaches 100 or -100, it cannot be changed 
again by additional incoming evidence. 


Certainties below 100 cannot combine to produce 100. Certainties above -100 
cannot combine to produce -100. 


QO combined with any certainty factor leaves the certainty factor unchanged. 


Equal positive and negative evidence will exactly cancel out (except +100 and 
-100, that cannot be changed once concluded). [Ref. 7: pp. 4-19 - 4-20] 


This chapter gave Feigenbaum's definition of an expert system. It also 
provided a discussion of why knowledge-based systems have become popular for 
problem-solving situations, the advantages of expert systems over conventional 
programmung, and why diagnostic systems meet the criteria for use in a knowledge- 
based system as defined by Barr and Feigenbaum. The remainder of the chapter was a 
description of the basic workings of the knowledge engineering tool M.1, based on 
Yavorsky’s discussions. This included the hardware and software requirements for 
running M.1, how the M.1 inference engine works, and how M.1 handles uncertainty. 
The next chapter will describe the strategy used to develop the prototype CADS 


xnowledge-based expert system using M.1. 
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IV. CADS DEVELOPMENT STRATEGY 


The strategy used to develop CADS was derived from a combination of three 
methodologies for building expert systems. They are Harmon and King [Ref. 4: p. 
1781, Haves-Roth, Waterman, and Lenat (Ref. 5: pp. 159 - 160], and Teknowledge, Inc. 
[Ref. 9: pp. 11-1-11-4]. These methodologies can be summarized in the following six 
steps: 

l. Identify and define a problem or task. Test for expert system suitability. 
Select a tool to build the expert system. 
Acquire and analyze knowledge of the domain-specific area. 
Construct several example cases that the expert system will solve. 


Build a prototype. 


Se 


Test, revise, and expand the prototype. 


A. STEP It: IDENTIFY AND DEFINE A TASK 

The task of troubleshooting helicopter system problems was chosen for for this 
study for several reasons. The author’s experience as a helicopter squadron Post 
Maintenance Functional Check Pilot has indicated that “good” troubleshooting skills 
are particularly difficult to obtain. These skills are difficult to obtain because of the 
extensive training and experience required. The lack of comprehensive documentation 
of helicopter problems and troubleshooting procedures intensifies this difficulty. 

Once identified, the task area was tested for expert system feasibility using the 
criteria outlined by Hayes-Roth, Waterman, and Lenat [Ref. 5: p. 160], and the 
Teknowledge “M.1 Sample Knowledge Systems” manual [Ref. 9: pp. 11-5 - 11-8]: 


l. The task area should”. . focus on a narrow specialty that does not involve a lot of 
common sense knowledge” [Ref. 5: p. 160]. Most of what is known about H-46 
diagnostic procedures is formal knowledge contained in the maintenance 
manuals. It is well defined, specific, and accepted by the Experts ONES 
reasons this task meets the domain-specific criteria, and does not require the 
exclusive use of common sense Knowledge for problem-solving. 


2. Good domains and tasks are knowledge-intensive. Knowledge-intensive tasks are 
domain areas in which higher competence levels are gained through 
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increased knowledge of and experience in the task. Because of this relationship 
between competence and knowledge, knowledge-intensive tasks are 
characterized by considerable differences in peoples’ performance ability. The 
knowledge domain of troubleshooting helicopter problems fits this definition of 
a knowledge-intensive task. 


Us 


Facts are accessible and generally understood by typical users. Facts and 
terminology about troubleshooting H-46 helicopters are fanuliar to maintenance 
pecple. Novice troubleshooters generally know how to hook up and use 
equipnient such as voltage meters to gather facts about a problem. The 
diagnostic expert svstem could ask the troubleshooters for voltage meter test 
results, Which they would understand. 


4. Facts are stable for the duration of a consultation. Facts about a helicopter 
problem generally remain true or false throughout a troubleshooting session. 
For example, if a troubleshooter is using a voltage meter to gather information 
about a failed generator, the voltage readings will remain the same during a 
particular troubleshooting procedure. The problem does not change. 


5. Solutions are enumberable. If ail possible solutions to a problem can be listed in 
advance the solutions are enumerable. The maintenance manuals’ 
troubleshooting tables list most of the possible causes for all system symptoms. 
Those not covered in the tables can be acquired from the experts. 


6. Entities in the domain are discrete. Helicopter system problems can be readily 
described as facts, values, and objects. For example, the isolation procedures 
for troubleshooting the symptom “No.1 GEN FAIL light On” 1s to test for 
generator terminal voltages, and cross-connect supervisory panels, checking if 
the generator comes on line. These conditions are discrete entities with specific 
Vawesm ne values can be true or false , ves or no, er numeric. They are 
not continuous or “fuzzy” like trying to describe the “attractiveness” of an 
financial investment. 


7. The task passes the “telephone test”. The domain area of a troubleshooting 
problem passes the telephone test as described in the Teknowledge “M.1I Sample 
Knowledge Systems” manual: 


A competent performer could help the intended user of vour knowledge system 
over the phone. This means that a verbal dialog is sufficiently rich to capture 
the important facets of the problem. If perception plays an important role in 
problem solving, then the task will fail the telephone test. The knowledge of a 
master mechanic who depends on the sounds and odors of the engine will be 
difficult to capture, for example, unless the mechanic and end-user are able to 
communicate about these cues unambiguously. (Ref. 9: p. 11-8] 


After identifying a problem and testing for expert svstem feasibility, the scope 


and limitations of the knowledge base were defined. These are described in Chapter I. 
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B. STEP 2: SELECIINGCHAIOCE 

The Knowledge system development tool marketed by Teknowledge, Inc., known 
as M.1, was selected for use on this project after consideration of the available tools. 
The M.l tool has many advantages. First, M.l is designed to prototype 
diagnosis/prescription consultations [Ref. 4: p. 179]. The problem selected for this 
study concerns such consultations. 

Second, programming with M.1 1s relatively easy to learn, and resulting programs 
are easy to use. It 1s programmed using “if-then” rules written in near plain English. 

Third, M.l has been applied to automotive diagnostic systems. Diagnostic 
processes are basicaily similar, which makes M.1 an excellent tool for the problem 
considered in this study. 

Fourth, M.1 is available for educational purposes at the Naval Postgraduate 
School by agreement with Teknowledge. The documentation and teaching materials 
that accompany the M.I program diskettes are clear and easy to read. 

Last, the knowledge base program can be written using any IBM PC compatible 
word processor. Both SIDEKICK by Borland International, Inc., and WORDSTAR 
by MicroPro International Corp., which have similar editing commands, were used. 
SIDEKICK has the advantage of allowing the author to alternate rapidly between the 
running program and the text editor to make changes to the knowledge base. This 
facilitates debugging and adding rules. However, SIDEKICK has a limit of 
approximately 1300 lines of text or program code per notepad file. When a knowledge 
base module exceeded this limit, WORDSTAR was utilized. 


C. STEP 3: ACQUIRE AND ANALYZE KNOWLEDGE 

Knowledge acquisition (KA) is probably the most difficult step in building expert 
systems. It involves ”. . .the transfer and transformation of problem-solving expertise 
from some knowledge source to a program” [Ref. 5: p. 129]. Mark D. Grover describes 
KA as a three phase process: domain definition, fundamental knowledge formulation, 
and basal knowledge consolidation. The three phases are shown in Figure 4.1 
[Ref. 10]. 

KA is pertinent throughout expert system development. Because of this 
importance, Grover’s KA cycle was integrated with the six steps of the CADS 
development strategy. The relationship between the KA cycle and the six development 


steps 1s shown in Figure 4.2. 
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. . the careful understanding and recording of the domain. 
production of a Domain Definition Handbook containing: 


General problem description, 
Bibliography of reference documents, 
Glossary of terms, acronyms, and symbols, 


Identification of authoritative “experts,” 


documentation were accomplished in step one of the development process. 
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Knowledge Acquisition Cycle. 


The first phase of the KA cycle is described by Grover as: 


The goal is the 


Definition of appropriate and realistic performance metrics, and 
Description of example reasoning scenarios. [Ref. 10] 
This research documentation is considered the Domain Definition Handbook for 
The general problem description and the identification of reference 
The 
knowledge engineer then must become familiar with the knowledge domain. This is 


done by acquiring knowledge from books, manuals, technical publications, and 


KNOWLEDGE 
ACQUISTION CYCLE SIX STEPS OF THE CADS DEVELOPMENT 


PHASES STRATEGY 


. IDENTIFY AND DEFINE A TASK. 
TEST FOR EXPERT SYSTEM 
SUITABILITY 


DOMAIN DEFINITION . SELECT A TOOL 


ACQUIRE AND ANALYZE 


CASES 


_ BUILD A PROTOTYPE 
BASAL KNOWLEDGE BUI 


CONSOLIDATION 


KNOWLEDGE OF THE 
DOMAIN -SPECIFIC AREA 
FUNDAMENTAL KNOWLEDGE 
FORMULATION . CONSTRUCT SEVERAL EXAMPLE 


. TEST, REVISE, AND EXPAND THE 
PROTOTYPE/SYSTEM 





Figure 4.2 KA Cycle and CADS Development Relationship. 


pamphlets. The objective is to investigate and become familiar with any structured 
problem-solving methodology that the domain utilizes. The author as the knowledge 
engineer familiarized himself with the H-46 diagnostic process. The knowledge and 
process were analyzed to prepare for the construction of sample cases, which are 
discussed in step four. The bibliography of reference documents for CADS consists of 
the H-46 maintenance manuals. 

A glossary was initiated (contained in Appendix A) to include acronyms and 
expressions which are characteristic of Naval aviation maintenance. 

Identification of experts in the domain was accomplished by asking the Naval Air 
Systems Command H-46 Program Manager (NAVAIRSYSCOM PMA-261) to identify 
technical representatives who are knowledgeable about the recently modified H-46. 
Five Naval Aeronautical Engineering Service Unit (NAESU) technical representatives 
were identified. They are located at Marine Corps Air Station Tustin, California, and 
Naval Air Station North Island, California. 
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A discussion of the performance metrics and formulation of sample cases is in the 
next section. 


D. STEP 4: CONSTRUCT SEVERAL SAMPLE CASES 

Phase two of Grover’s KA cycle is fundamental knowledge formulation, which 
includes steps three, four, and five of the CADS development process. In this phase 
initial cases are selected and formulated for solution by the expert system. 
Fundamental knowledge should represent situations that are typical, well understood, 
and have expected conclusions. When the initial cases have been formulated, the 
identified domain expert reviews the cases for correctness. “This review forms a 
baseline for minimum performance, predictable testing and correction, and careful 
delineation of capabilities which can be expanded and subjected to experimentation” 
[Ref. 10]. This core of reviewed initial cases becomes what Grover calls the 
Fundamental Knowledge Corpus. 

Constructing the initial sample cases can be considered the first step toward 
designing the system and identifying the performance criteria. The performance metrics 
of the system were defined as follows: 


l. The goal of the initial cases, and ultimately the entire system, should be 
identified. What is the system supposed to solve? 


ra 


The isolation procedures should be displaved to the user. 


The system should ask the user questions about the outcomes of the performed 
isolation procedures, 


Ga 


4. The user should be given a list of possible answers to the questions that the 
system asks. 


Ca 


Based on the user’s responses the system should display the correct conclusion 
about the helicopter problem (goal). 


What is the troubleshooter’s goal? The goal is to find the cause of a helicopter 

svstem problem. In terms of M.i: 
goal = problem-cause. 

Finding the actual cause of a helicopter problem is paramount. Once the actual cause 
is known then the correct appropriate action can be taken, instead of merely changing 
components, without really identifying whether the component contains the fault. 

After the goal of the system’s knowledge base was identified, the initial scenarios 
were constructed from the symptoms and isolation procedures of the maintenance 
manuals’ troubleshooting tables. The problem causes listed in the troubleshooting 


tables were examined, then the isolation procedures were analyzed to identify the 
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conditions that would lead a troubleshooter to those causes (goal). The outcomes and 
conditions of the isolation procedures became the antecedents of rules for which the 
problem-cause was the conclusion. Several rules were then drafted on paper, written in 
pseudo-English, 1.e., the “if-then” format acceptable to M.1. 

Refering to the example discrepancy discussed in Chapter II, the No.1 electrical 
generator malfunctions on the helicopter. One of the symptoms of this problem is that 
the No.l generator failure light has illuminated on the cockpit caution light panel. 
This symptom is listed in the troubleshooting tables as “GEN FAIL light On”. See 
Figure 2.2. According to the troubleshooting tables, there are two outcomes of the 
isolation procedure (cross-connecting the supervisory panels): 1) the generator comes 
on line and the No.1 GEN FAIL light extinguishes, or 2) the generator does not come 
on line and the light remains illuminated. If the generator comes on line then the 
supervisory panel should be replaced, implying that the cause is a faulty supervisory 
panel. The symptom and each of these outcomes are conditions which would lead a 
troubleshooter to this problem-cause. The rule can be written thus: 

if symptom = ’GEN FAIL light On’ 
and “generator comes on line’ 
then problem-cause = ‘Faulty Supervisory Panel’. 

The CADS program prompts the user for the symptom and possible values for 
the conditions. [In M.l each of these conditions is recognized as an expression. M.1 
then uses meta-facts to determine the values of tne expressions. Meta-facts are 
knowledge base entries that provide information or directions about how to determine 
a value. .. [Ref. 9: p. 4-6]. The most common meta-fact used is a question: 

question('generator comes on line”) = 

(‘Having performed the isolation procedure, 
does the generator come on line?”]. 

The answers to this question are displayed using the M.1 meta-fact legalvals, which list 
the legal values of the expression ‘generator comes on line’. The possible responses to 
this question are written in the meta-fact: 

legalvals(’generator comes on line’) = [‘yes’,’no’]. 
Had the user answered ‘yes’, the expression ‘generator comes on line’ would be true, 
and the problem-cause displayed, ending the consultation. 

Rules and meta-facts were written on paper following this logic for several 


problem-causes. A set of meta-facts and rules leading to a conclusion (goal) are 
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considered a case or scenario. These meta-facts and rules were then coded into the 


program for an initial prototype, which is discussed next. 


E. STEP 5: BUILDING A PROTOTYPE 

The strategy for building the initial CADS prototype was to use the adaptive 
design method, better known as prototyping. Using the prototyping method, a 
Knowledge engineer can 1) build a working system quickly, 2) evaiuate the 
appropriateness of the initial design quickly without investing large amounts of time 
and energy into an unworkable design, and 3) make adaptions to the design, user 
interfaces, and outputs. Once an initial working prototype is developed, the knowledge 
engineer can modify and refine the program as necessary. 

The ability to make changes and adaptions to the CADS knowledge base system 
design is important. When the initial CADS prototype was completed, interviews with 
the H-46 maintenance experts were conducted to acquire their knowledge of 
troubleshooting techniques and procedures. They reviewed the MIMs troubleshooting 
tables for correctness and added new information. The prototype CADS knowledge 
base was modified accordingly, to include this expert knowledge. 

Using the prototyping approach, the first set of rules, questions, and meta-facts 
Were Written, entered into M.l, and run. Logic flow and solutions to helicopter 
discrepancies were compared with those given in the maintenance manuals. As CADS 
yielded the correct problem-cause, more rules and knowledge base entries were written. 
The knowledge bases for each sub-system of the electrical and hydraulic systems were 
completed in this iterative manner. 

The logical and physical structures of the CADS Knowledge base are similar. 
The Knowledge base is divided into modules. Each module represents a subsystem 
knowledge base. The electrical system is divided into three subsystems: AC system, 
DC system. and APU system. The hydraulic subsystems are the flight control system, 
flight control pressure indicating system, utility power system, and the utility pressure 
indicating system. This structure is shown in Figure 4.3. 

Using this “divide and conquer” approach, each knowledge base module was 
Written independently. This structure was chosen over the option of having one, 
immense knowledge base. Modularizing the CADS knowledge base allowed the 
knowledge engineer to concentrate on a specific subsystem, enhancing the ability to 


debug and revise. 
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Figure 4.3 CADS Knowledge Base Structure Chart. 


Modularizing requires that there be a top-level control module to initialize the 
CADS program, and to load the appropriate knowledge base file. The top-level 
module begins the CADS consultation by offering the user directions and asking in 
which major system and subsystem the aircraft problem is located. The appropriate 


knowledge base is then loaded. 


F. STEP 6: TEST, REVISE, AND EXPAND THE PROTOTYPE 

Grover's third phase of the KA cycle is basal knowledge consolidation, which 
relates to steps three, five, and six of the CADS development strategy. This phase is 
an iterative process with the objective of testing, improving, and expanding what 
Grover calls the Fundamental Knowledge Corpus. Basal knowledge can be considered 
a core knowledge base system that meets the minimum performance metrics listed in 


step four of the system-building process. 
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l. Testing and Verification 
Testing the CADS prototype involved evaluating the advice that was displayed 
(isolation procedures), the data acquisition process (questioning). and the conclusions 
reached. 
In defining the test criteria the following questions were considered: 
e Does the top level module initialize the CADS program properly? 
e Is the correct knowledge base loaded? 
e Are the correct isolation procedures provided in the correct sequence? 


e are the right questions being asked in the correct sequence, and for the right 
reasons? 


fee cee conclusions correct? Given the responses to the questions, is CADS 
finding and displaying the correct problem-cause for that combination of 
conditions? 


e Are the isolation procedures, conditions, and conclusions consistent with the 
PETS? 


To answer these questions, testing was performed in two phases. The first 
phase of testing involved evaluating the system for consistency with the maintenance 
manuals’ troubleshooting tables. Because of the known inadequacies of the 
maintenance manuals (out of date, inaccurate, lack of information), a second phase of 
testing and verification was necessary. This second phase was to check the prototype 
knowledge base for consistency with the experts: the five NAESU technical 
representatives. 

The first phase of testing was conducted throughout prototvpe development. 
As the rules were written, each conclusion was manually checked to determine that the 
antecedents (conditions) leading to it were correct. Each antecedent must have a value 
either solved for by the system, provided by the user, or stored in the cache, for the 
correct conclusion to be reached. This ensures that questions prompting the user for 
values are asked at the right time and under the right conditions. CADS has been 
tested and works according to the information contained in the troubleshooting tables. 

As mentioned above in step four, problem causes listed in the troubleshooting 
tables were examined, and the isolation procedures were analyzed to identify the set of 
conditions that would lead to those causes. Many inconsistencies were noted in the 
troubleshooting tables. The sequence of isolation procedures was sometimes vague. 
Outcomes to procedures were missing or suspect. A copy of the electrical and 
hydraulic systems troubleshooting tables, with these notations, was sent to the experts 


for clarification, initiating phase two testing. 
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The objectives of phase two testing were a review of the CADS knowledge 
base by the experts, and acquisition of the heuristics of the experts. The experts had 
approximately three weeks to review and comment on the noted discrepancies of the 
MIMs tables. Then face-to-face interviews with the experts were conducted. 

During the interviews, the experts and knowledge engineer reviewed the 
discrepancies noted in the troubleshooting tables. The experts provided up-to-date, 
correct information of the electrical and hydraulic systems troubleshooting procedures. 
They also had the opportunity to run and evaluate the CADS prototype. 

2. Revision 

Based on the experts’ review of the CADS prototype and the troubleshooting 
tables, revision of the knowledge base took place. Rules, display of isolation 
procedures, and questions were rewritten as necessary. After this revision, CADS was 
considered a completed prototype for the purposes of this project. Its knowledge base 
contains both formal and heuristic knowledge of the experts. 

As discussed above, basal knowledge consolidation is an iterative process. An 
expert system's knowledge base is continually reviewed, up-dated, and improved by the 
knowledge engineer in collaboration with the experts. However, further iterations of 
CADS are beyond the scope of this project. 

3, Expansion 
The rules and meta-facts were revised after the experts’ review. There are no 


plans to expand the CADS knowledge base further at this time. 


44 


V. RESULTS, CONCLUSIONS, AND RECOMMENDATIONS 


A. RESULTS 

Improper troubleshooting techniques result in lost time, unnecessary removal of 
system components, and in wasted resources. These problems are not exclusive to the 
Navy's H-46 helicopter community, but are common throughout the military. A 
possible solution to these problems is the application of expert systems technology -- 
not only to the Navy's H-46 helicopter community, but to other military maintenance 
processes. 

This study was undertaken to demonstrate the feasibility of applying expert 
svstem technology to the Navy's H-46 helicopter maintenance process. A 
microcomputer-based prototype diagnostic system known as CADS was developed for 
this purpose. The prototype CADS does what it was designed to do: aid H-46 
Squadron maintenance personnel find the cause of helicopter electrical and hydraulic 
systems problems. Therefore, the answer to the main question addressed in this study 
is “yes”, a computer-aided diagnostic system is feasible and and applicable to the 
Navy's H-46 helicopter maintenance process. The success of CADS suggests that 
expert system technology may be appropriate for general application to military 


maintenance systems. 


B. CONCLUSIONS ABOUT M.!l AND CADS 
1. Application of M.1 to structured selection problem-solving 

The M.l knowledge system development tool is particularly suitable for 
building knowledge bases that use a structured selection approach to problem-solving. 
Structured selection 1s a problem-solving methodology by which the problem-solver 
systematically progresses through a richly structured search space of enumerated 
problems. These enumerated problems have been seen and solved before. The task is to 
select and refine a solution for a particular case rather than create it anew. 

It has been shown in this research that diagnosing helicopter problems uses 
such a structured selection approach to problem-solving. Symptoms and causes of 
helicopter problems are enumerated and contained in the maintenance manuals 
troubleshooting tables. Most or all of the problems have been solved throughout the 


history of the H-46 helicopter. Troubleshooting of these problems, plus any new ones 
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that arise, is conducted daily. As a result, diagnosing helicopter problems provides a 
good example of an M.1 problem-solving application. 
2. Memory requirements for CADS 

The prototype CADS developed for this research is contained on two 
5.25-inch, 360K byte floppy diskettes. One diskette contains the CADS initialization 
module and the CADS executable file, using 246K bytes of disk space. The second 
diskette contains the modularized subsystem knowledge bases, which use 139K bytes of 
disk space. These knowledge base files can be called by the initialization module 
whether they remain on the diskette or have been copied to a hard disk drive. 

The CADS executable file can be configured for use on two floppy disk drives 
or on a hard disk drive. Use of floppy diskettes in the two drive configuration ensures 
portability of the program. However, the recommended configuration is for use on a 
hard disk drive, for several reasons. First, a CADS knowledge base is loaded much 
faster, and the inference process executes much faster on a hard disk drive: knowledge 
base files can be called and loaded within 30 seconds by the initialization module. This 
Operation can take over five minutes in the two drive configuration, depending on the 
knowledge base size (number of rules and meta-facts). 

Second, the hard drive configuration is recommended in view of the recent 
contract for Navy-wide implementation of Zenith 248 microcomputers. Currently, 
each squadron has one such microcomputer. It 1s anticipated that more will be 
installed in the future. 

3. Modularizing the CADS knowledge base 

Modularizing the CADS knowledge bases has several advantages. First, a 
more efficient use of memory space is realized by having only the initialization module 
and the executable file (both on CADS diskette #1) remain resident in RAM. Much 
less microcomputer memory space is required with this configuration. The knowledge 
base files remain on CADS diskette # 2, and are accessed as necessary. 

Second, the inference process is more efficient. Since only one Knowledge base 
module is loaded at a time, the inferencing process searches for values and rules 
pertinent to that particular helicopter system. Computer processing time and memory 
is not wasted in searches down branches of irrelevant systems. 

Third, modularity allows for expansion of the system, without having to 
increase the requirement for the microcomputer’s RAM space. Because information 


about the helicopter systems is divided into separate knowledge base files, additional 
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modular knowledge bases could be developed and written, independent of the original 
prototype. These additional knowledge bases could be integrated into the system, with 
little modification required of the initialization module. The modification basically 
requires the addition of valid answers to existing questions, and the addition of a rule 
to load each new knowledge base. 

4. Using the trace function to demonstrate reasoning 

CADS provides an excellent training tool for inexperienced troubleshooters. 
However, the original proposal for using the trace function to show the reasoning 
process has not been satisfactory in this M.1 implementation. 

M.1°s inference tracer displays information describing the inference process. 
Also displayed are questions, menus, prompts, expressions being sought, which rules 
have succeeded or failed. and which knowledge base entries are being fired. The trace 
function is intended for use by the knowledge engineer in the development stage, for 
finding subtle faults in the knowledge base. As a result, M.1’s trace function traces 
through the knowledge base seeking values of rules which are not relevant to finding 
the cause of the problem. This reasoning is not necessarily similar to an expert's 
reasoning method. 

Another disadvantage of the trace function is that rules and expressions are 
displaved exactly as they are written in the knowledge base. Readability of the rules 
and expressions displayed becomes a function of the programmer's writing style. 
Although the rules are written in “if-then” format using near plain English, they may 
seem cryptic to a user unfamiliar with the language of expert systems and M.1. 

5. Training Knowledge engineers for the Navy 

The possibility exists for new system discrepancies to appear throughout the 
H-46 fleet. If CADS were implemented, there would be a need for people within the 
helicopter squadrons who are able to document and program this new information into 
existing CADS knowledge bases. These people must be familiar with the language of 
expert systems, and in particular with the use of the M.1 knowledge development tool. 

Because of the ease of developing expert systems utilizing this tool, people 
with little or no programming experience could be trained for this purpose. The U.S. 
Army Signal School at Ft. Gordon, Georgia, has such a training program. Army 
personnel with expertise in particular technical areas, but with no programming 
experience, attend a two-week training course. They learn how to use M.l, and 


develop small useable systems within that time. The Navy could set up a similar 
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school for this purpose. People with this valuable training could return to their 
commands where they could maintain existing CADS software, plus apply this 
technology to other problem-solving areas, developing new and useful svstems. 
Knowledge gained from this type of training would be particularly important 
for improving and expanding the “corporate knowledge” of troubleshooting expertise. 
As new problems arise and are diagnosed, and as existing procedures are improved and 
updated, this new knowledge can be programmed and put to immediate use. This 
could prove to be an advantage over printing changes on paper, for incorporation into 


updated printed manuals. 


C. SUGGESTIONS FOR FURTHER STUDY 
1. Knowledge base expansion 

The next step after prototype development is to expand the prototype CADS 
into a fully developed expert system containing all the diagnostic information of all the 
helicopter systems. A fully developed CADS could also contain the corrective action 
procedures for each helicopter system discrepancy, and other amplifying maintenance 
information. Such a long term project might involve a more structured analvsis and 
design of diagnostic information about the entire helicopter. However, the prototyping 
development approach could be integrated with the information structuring. 

Additional knowledge acquisition would also be required to extract all 
pertinent knowledge from the maintenance manuals and the experts. This would 
involve more interviewing and survey hours than that required for the development of 
the CADS prototype. 

If CADS were expanded to include other helicopter systems, more secondary 
memory would be required for the program. Including all helicopter subsystems as 
additional knowledge bases would increase the requirement for floppy diskettes 
significantly. If the user has a microcomputer with only two floppy disk drives, it will 
be necessary to load and unload the diskettes, whenever troubleshooting different 
helicopter systems is required. Also, loading and inferencing times will be significantly 
slower. Although the expanded CADS would be portable, it 1s recommended that an 
expanded system be used on a computer with a hard disk drive. 

2. Enhanced use of M.1 explanation facility 

The prototype CADS could be improved by providing more specific 

explanations to users, enhancing readability and making the system more expert. This 


could be accomplished by utilizing the M.! explanation facility. Customized 
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explanations, amplifying information about a path of reasoning, or elaboration of 
heuristic knowledge would be displayed when users enter why in response to a 
question. Ordinallv, if a user entered why, M.1 would only display the knowledge base 
entry under consideration. 

3. Enhanced use of the “unknown” response 

The term unknown is always an acceptable answer to questions posed in M.1. 
This gives the M.1 (and CADS) inference process the advantage of continuing to 
search for values even though a value has not been concluded. It causes the 
inferencing process to change its search to other branches of the knowledge base, 
allowing for the solution of other values, to seek a conclusion. The prototype CADS 
Knowledge base could be expanded to provide additional information should the user 
select unknown as an answer. This is accomplished utilizing the M.1I control command 
whenfound to display a text string of additional information. 

4. Integration with graphics 

Ultimately, a fully developed CADS could integrate all diagnostic information, 
figures, diagrams, and maintenance procedures. Through the use of “pull down” 
windows, all information would be available on the computer for the maintenance 
person. This could eliminate the need for printed manuals. 

Integration with graphics software could be an initial step toward such a fully 
developed system. M.l has the ability to access graphics programs through C language 
patches. The use of graphics to describe system components would greatly enhance 
the ability of maintenance personnel to troubleshoot problems. With graphics, 
component location and troubleshooting procedures could guide personnel through 
maintenance procedures. This could be extremely useful 1f the maintenance personnel 
are unfamiliar with maintenance procedures. 

Graphics enhancements such as color, rotating three-dimensional views of 
components, and rotating transparent views of the helicopter are also possibilities for 
future study. The use of these graphics techniques would facilitate troubleshooting. 
Used in a training environment, such graphics techniques could make learning 
hehcopter troubleshooting an exciting, motivating experience, especially for a 
generation of young mechanics raised with video games. 

5. Integration with CD-ROM technology 

Other futuristic possibilities exist for a CADS integration with Compact Disc 

Read Only Memory (CD-ROM) technology. This not only would provide an 
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extremely portable medium, but would significantly reduce or even eliminate literally 
tons of printed paper. This consideration is of particular importance in relation to 
helicopters deployed aboard ship. Eliminating the need for shipboard office space 
containing tons of technical manuals is critical. 
6. Study of CADS implementation in the squadrons 

Implementation of CADS in the squadrons and in deployed units offers many 
interesting possibilities for further study. This research could be conducted using the 
prototype or a fullv developed system. However, a study using a fully developed 
system would be more desirable, to evaluate the success of implementation. Prior to 
intiation of any studies, an implementation plan should be developed. Studies could 
include the amount of training required to familiarize maintenance personnel in the use 
of microcomputers and CADS. Comparisons could be made of the learning curves for 


computer literate and illiterate users. 


D. RECOMMENDATIONS 
The following is a list of recommendations concerning the use of CADS and M.1 
in general: 


i. Use the M.1 knowledge-based system development tool for building knowledge 
bases that use a structured selection approach to problem-solving. 


tJ 


Implement CADS on a hard disk drive system for efficient use of memory. 


Lu) 


Keep the knowledge bases modular in large system applications for efficient use 
of memory Space, efficient inference processing, and ease of system expansion. 


4. Train Navy personnel to use M.I to develop immediate and useful systems, and 
to maintain implemented systems. 


5. Expand the CADS knowledge base to include the rest of the helicopter's 
systems. 


6. Improve the M.1 explanation facility, and the “unknown” response to provide 
more specific information to users, enhance readability of the system, and make 
the system more expert. 


7. Add graphics capabilities as a first step toward a fully developed system. 
Helicopter component descriptions utilizing graphics would’ enhance 
troubleshooting. 


Investigate the possibilities of integration with CD-ROM technology. 


9. Develop a plan for implementation of the system in the helicopter squadrons. 
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VI. SUMMAR Y 


A microcomputer-based prototype diagnostic system, known as CADS, has been 
developed to demonstrate the feasibility of applying expert system technology to 
helicopter maintenance. This system diagnoses electrical and hydraulic system 
problems in the Navy's CH-46D S,R,&M helicopter. 

AS an interactive program, CADS prompts the user for information with a 
sequence of questions, and provides valid answers. The sequence of questions depends 
upon the answers that the user selects. As the questions become more specific, the 
program searches the knowledge base for valid causes of the helicopter system 
problem. Searching is accomplished utilizing a backward chaining, decision tree 
technique to find solutions. 

Chapter II discusses the Naval aviation maintenance process, current 
troubleshooting procedures, and how CADS could be integrated into the 
troubleshooting process. The written references for the CADS knowledge domain are 
two volumes of 15 maintenance information manuals. These two volumes contain the 
electrical and hydraulic systems. The prototype CADS solves over 39 specific 
symptoms referred to in over 28 pages of troubleshooting tables. Although this 
represents only a small portion of the entire published helicopter diagnostic 
information, it provides enough data for a realistic assessment of CADS. The 
secondary research questions listed in Chapter I, pertaining to squadron applications, 
are also discussed. 

Chapter III contains a description of knowledge-based expert systems, and the 
M.1 knowledge-based system development tool. A comparison of knowledge-based 
svstems and conventional programs is made. The criteria necessary for expert systems 
to be useful and to perform at a significant level of expertise (as suggested by Barr and 
Feigenbaum) is provided. The description of M.I includes its capacity of rules and 
facts, how the inferencing process works, and how M.1 handles uncertainty. 

Chapter IV discusses in detail the development of the prototype CADS, and how 
it works. The strategy used to develop CADS 1s a combination of three methodologies, 
resulting in six development steps. Because of the important role that knowledge 
acquisition has throughout expert systems development, the knowledge acquisition 


cycle was integrated with the six steps. This relationship is discussed in detail. 


A 


Logically, the CADS knowledge base is divided into modules. Each module 
consists of the knowledge base for a helicopter subsystem, such as the AC electrical 
subsystem. The advantages of modularizing the Knowledge base are discussed. Criteria 
for a two phase test plan were developed. After testing the prototype CADS, revision 
of the knowledge base modules was accomplished. 

A glossary of acronyms used throughout this research is contained in Appendix 
A. Appendix B contains a sample CADS consultation using an example electrical 
system problern. The CADS knowledge base (source code) 1s in Appendix C. 

Based on this discussion, it has been shown that expert systems are well suited 
for diagnostic applications. The technology, hardware and software exist and are 


available for use in such an expert system. 
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AC 

Al 

APU 
CADS 
CD-ROM 
Cr 


CH-46D 
CNO 

DC 

FY 

GEN FAIL 
HC 

H-46 


JCN 
KA 
kb 
MAF 


MDR 
MDS 

MIM 

MIS 

MMH/FH 

NAESU 

NAMP 
NAVAIRSYSCOM 
PMA-261 

RAM 


APPENDIX A 
GLOSSARY OF ACRONYMS 


Alternating Current. 

Artificial Intelligence. 

Auxillary Power Unit. 
Computer-Aided Diagnostic System. 
Compact Disc Read Only Memory. 


Certainty Factor, the degree of confidence one has in a fact or 
relationship. In M.1, CF is assigned a value between + 100 and 
-100. 


Designation of S,R,&M Sea Knight helicopter. 

Chief of Naval Operations. 

Direct urreni: 

Sealey ear 

Generator failure. 

Designation for Helicopter Combat Support Squadron. 


Designation for the Sea Knight helicopter used in the United 
States Navy and Marine Corps for utility missions. 


TOO. oni rom NuimMber. 
Knowledge Acquisition. 
Knowledge base entry. 


Maintenance Action Form, for documentation of aircraft 
discrepancies. 


Maintenance Data Report. 

Maintenance Data Svstem. 

Maintenance Information Manual. 

Management Information System. 

Maintenance Man-hours per Flight Hour. 

Naval Aeronautical Engineering Service Unit. 

Naval Aviation Maintenance Program. 

Naval Air Systems Command. 

NAVAIRSYSCOM Program Manger for H-46 squadrons. 


Random-access memory: computer’s high speed (main) memory. 


oS 


S,R,&M Surviveabilitv, Reliability, and Maintainability Program, that 
extends the service life of the H-46 helicopter through the vear 


2000. 
TD Technical Directive. 
VIDS/MAF Visual Information Display System/ Maintenance Action Form. 
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APPENDIX B 
INTRODUCTORY USER’S GUIDE TO CADS 


l. INTRODUCTION 

CADS is a prototype microcomputer-based expert system designed to help 
squadron and detachment maintenance people troubleshoot S,R,@M CH-46D 
helicopter system problems. The goal of the CADS prototype is to find the exact 
cause of electrical and hydraulic system discrepancies (“gripes”). CADS contains 
linuted corrective action procedures. 

The purpose of this Introductory User’s Guide is to get a troubleshooter started 
and somewhat familar with use of the CADS prototype. It is not meant to be a 
comprehensive instruction manual explaining all the various capabilities and 
peculiarities of the CADS software. 

The following assumptions apply to using the CADS prototype: 

a. Users are familiar with the use of a microcomputer. 


b. Users have access to a Zenith 248 or [BM PC compatible microcomputer, with 
two disk drives or a hard drive. 


c. Users have a copy of the CADS prototype program, either on the two 5.25 inch 
floppy diskettes, or on the hard drive of the microcomputer. 


TE AAT TO EXPECT 

CADS helps troubleshooters find the cause of a helicopter discrepancy by 
displaving isolation procedures for the troubleshooters to perform, then asking 
questions about the outcomes of the performed procedures. CADS lists all the 
possible answers to questions it asks. You as the troubleshooter select the appropriate 
answer based on the outcomes of the isolation procedures vou have performed. 

CADS is a computerized version of the maintenance manuals’ troubleshooting 
tables. The intention is to demonstrate that maintenance information can be made 
accessible on disks and microcomputers, so you do not have to deal with the 
maintenance manuals. 

The best way to approach CADS is to imagine that you are consulting the 
troubleshooting tables. The difference is the added feature that CADS will ask you the 
right questions about the isolation procedures you have performed, at the nght time, 


and for the right reason. You will not have to waste time searching the manuals for 
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procedures that are not there anyway. CADS will guide you to troubleshoot 


discrepancies correctly, completely, and efficiently. 


3. WHAT YOU NEED TO USE CADS 
To use CADS you will need the following: 


a. A Zenith 248, or IBM PC compatible microcomputer with 512K bytes of 
memory running PC-DOS 2.0 or later. 


b. The two CADS prototype diskettes. 
c. Two disk drives or a hard drive. 


d. A color monitor is recommended, but a monochrome monitor is sufficient. 


4. GETTING STARTED WITH CADS. 
The initial setup procedures are as follows: 


a. Turn on the microcomputer and the monitor, and “boot up” with PC-DOS 2.0 
or later. 


b. Insert CADS diskette #1 into drive A: 
c. Insert CADS diskette #2 into drive B: . 
or 


d. Ifthe microcomputer you are using has a hard drive (the Zenith 248 does) copy 
both diskettes onto drive C:. To do this, at the A> prompt type: 


A> copy a:*.* ¢: 


Remove CADS diskette #1 from drive A:, and insert CADS diskette #2. Use 
this copy command again for CADS diskette #2. This puts all the CADS files 
onto the hard drive (drive C:). 


e. AttineA> orion pe 


A> cads (if you are using two disk drives) 
or 
C> cads (if you are using a hard drive) 


in upper or lower case letters. 


A full screen banner is displaved momentarily, then a full screen of text 
welcoming you to CADS 1s displayed. 


5. CADS USER INTERFACE 
a. Windows 
Refer to Figure B.l. The screen is divided into three windows. These 


permanent areas of the screen are: 
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I. TROUBLESHOOTING PROCEDURES & POSSIBLE CAUSE window. 

This window will display the isolation procedures that you need to perform 
for the “gripe” you are troubleshooting. After a CADS consultation the cause of the 
“gripe” will be displaved in this window. A few corrective action procedures are also 
displayed. 

2. QUESTION window 

CADS asks vou questions during a consultation. The questions will 

automatically appear in this window as the consultation proceeds. 
3. SELECT AN ANSWER window 

Answer the questions CADS asks you by highlighting the appropriate 
answer displayed in this window, and pressing “Enter”. Use the arrow (cursor) keys to 
move the highlighting up or down through the list of answers. The values displayed 
are the answers acceptable to CADS. 

The term unknown is always included as a possible answer. However, in 
this CADS prototype do not select unknown when asked for the major system and the 
subsystem in which the gripe is located. 

At the bottom of the window is the term “Space to Mark”. This is just a 
reminder for you to mark the response vou have selected by highlighting. 

4. CF window 

This is the certainty factor window. It allows you to enter numbers from 
-100 to + 100 representing the confidence vou have in your selected response. You can 
enter numbers by using the right arrow key, which moves the highlighter to the CF 
window. When you have typed in a CF number, press “Enter”. 

b. Message Line 
The message line appears at the bottom of the screen. It displays the function 
keys and the CADS status indicator. 
1. F2 Scroll 

You can press the F2 key and the arrow (cursor) keys to scroll backwards 
and forwards (up and down) through the TROUBLESHOOTING PROCEDURES & 
POSSIBLE CAUSE and QUESTION windows. The following keys are used for 
scrolling: 

F2 enable scrolling/move to next window 

| scroll forward (down) 

T scroll backward (up) 

Esc disable scrolling and return to the SELECT AN ANSWER window 


S 


2. F10 Heip 

Refer to Figure B.2. The following help commands are available anytime 
by pressing the F10 Key (an “on/off” key), and highlighting a help command (described 
below) and by pressing “Enter”, or by pressing the noted keys. 

(1) options for response. Sometimes you will not be able to read the entire 
list of all acceptable answers because the SELECT AN ANSWER window is too small. 
such as when a gripe has a long symptom description. Or, you may want to know 
what the acceptable responses are to a question. Highlight “options for response”, and 
press “Enter”. The “pop up” CADS help menu disappears and the message “Your 
response must be chosen from the  following:” will appear in_ the 
TROUBLESHOOTING PROCEDURES POSSIBELEYSAU SER nas ARA 
list of acceptable answers. When you have found the appropriate response, scroll up 
or down through the SELECT AN ANSWER window to highlight the appropriate 
response, then press the “Enter” key. 

(2) abort consultation; ALT - A. If you want to quit during a CADS 
consultation, highlight “abort consultation”, and press “Enter”. A “pop up” box 
appears asking you whether you want to abort the consultation. If “yes”, press the “y” 
key. This will end the consultation, and clear the windows. To restart the consultation 
press “Alt” and “G” simultaneously, 

(3) Restart CADS. If you want to exit from CADS and return to the 
Operating system, or return to the main menu, highlight “Restart CADS”. A “pop up” 
box appears asking “Restart CADS (main menu)/Exit to DOS? (y/n)”. If “ves” press 
the “y” key. This will end the consultation, clear the screen, and return you to the 
DOS A> or C> prompt. To return to the main menu type cads at the A> or C> 
prompt. 

(4) go run consultation; ALT - G. If you have aborted or ended a 
consultation and you want to start another consultation with the same major system 
and subsvstem, highlight “go run consultation”, or press the “Alt” and “G” keys 
simultaneously. 

(S) restart consultation. This allows you to continue with a consultation 
where you left off. It keeps the answers you have already given in the CADS memory. 

(6) why is CADS asking/ALT - W. If you want to know why CADS 1s 
asking you a particular question, highlight “why is CADS asking”. CADS will then 


display the rules in the knowledge base that it is considering, as it tries to determine if 
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thev are applicable to the consultation. You can do the same during a consultation by 
pressing the “Alt” and “W” keys. 

IS @ oO eance lh you Walt te escape Out of the CADS help menu or 
anv of the help commands, press the “ESC” key. This will cancel the help command, 
cause the CADS help menu to disappear, and return you to the screen display of the 
consultation where vou left off. 

3. Status indicator 

The status indicator on the right side of the message line indicates the 
status of CADS. This will be one of three modes: READY, LOADING, or 
CONSULTATION. 


6. SAMPLE CADS CONSULTATION 
This consultation demonstrates finding the cause of the gripe: 
No. 1 generator failure light illuminated in flight 
Figures B.3 to B.9 show what the microcomputer screen will look like as the 
consultation proceeds. Good luck, and remember: DO NOT BE AFRAID OF 
OAR I G FIAT YOU CAN PULL THE PLUG ON! 
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CADS help menu 


TROUBLESHOOTING PROCEDURES & POSSIBLE CAUSE 
c] 


WELCOME TO CADS!!! 
H-46 HELICOPTER 


COMPUTER AIDED DIAGNOSTIC SYTEM!!! 


H n H 
O O O 


QUESTION SELECT AN 

yes is id 
Would you like a few directions no 
on how to use CADS? unknown 


Space to Mark 
F2 Scroll F10 Help - H-46 CADS by GADZ 





Figure B.1 Initial CADS Screen. 


After typing cads at the A> or C> prompt, a banner screen displays momentarily, 
then this initial text screen appears. You can obtain a few brief directions by 
highlighting “yes” and pressing “Enter”. Or, begin the CADS consultation without 


directions by highlighting “no” and pressing “Enter”. 
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options trrespense———— J] POSSIBLE CAUSE 


abort consultation 

Restart CADS 

go run consultation .... 
restart consultaiton 

why is CADS asking 


ESC to Cancel + 


QUESTION SELECT AN ANSWER 


Space to Mark 
F2 Scroll F10 Help H-46 CADS by GADZ CONSULTATION... 





Feue B2 =CADo Help Menu: 


The CADS help menu is available anytime you press the F10 key. You may then 
highlight a help command and press “Enter”. Refer to the F10 Help section for an 
explanation of these commands. Notice the status indicator in the message line at the 
bottom of the CADS screen has changed from READY to CONSULTATION... It 
will automatically change back to READY when you have selected a help command or 
pressed the “ESC” key. If you want to escape out of the CADS help menu press the 
MESA Kev. 
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CADS help menu 
TROUBLESHOOTING PROCEDURES & POSSIBLE CAUSE 


This system is designed to be a prototype microcomputer - based expert 

system to aid squadron maintenance personnel diaqnose aircraft system problems. 

1. You will be asked a series of questions about the “gripe” you are troubleshooting. 

2. Answer the questions by highlighting your response. Responses are found in the 
“SELECT AN ANSWER” window in the lower right hand corner of the screen. Use the up 
and down arrow keys to nighlight your response, then press the “Enter” key. 

3. Tosee the list of possible answers to a question, or to see the entire answer, press “F10" 
then select “options for response”. 

4. If you get stuck, press the “F10° key to get help from the CADS help menu. 


QUESTION SELECT AN ANSWER 


electrical << > 


In what major aircraft system is the hydraulic 
problem or “gripe” located? unknown 


Space to Mark 
F2 Scroll F10 Help H-46 CADS by GADZ 





Figure B.3 Second CADS Screen Giving Directions. 


The second screen provides brief directions, and asks the first question about the gripe. 
As a troubleshooter, vou know that a No. | generator failure light illuminating in flight 
is associated with the H-46 helicopter’s electrical system. Highlight ‘electrical’ in the 
SELECT AN ANSWER window, then press “Enter”. 


Caution: DO NOT select unknown at this point. If you do, press the “Alt” and “G” 


keys simultaneously to return to the main menu. 
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CADS help menu 
TROUBLESHOOTING PROCEDURES & POSSIBLE CAUSE 


This system is designed to be a prototype microcomputer - based expert 
system to aid squadron maintenance personnel diagnose aircraft system problems. 

. You will be asked a series of questions about the “gripe” you are troubleshooting. 

. Answer the questions by highlighting your response. Responses are found in the 
“SELECT AN ANSWER” window in the lower right hand corner of the screen. Use the up 
and down arrow keys to highlight your response, then press the “Enter” key. 

. Tosee the list of possible answers to a question, orto see the entire answer, press “F10” 
then select “options for response”. 

4. Ifyougetstuck, pressthe "F10” key to get help from the CADS help menu. 


QUESTION SELECT AN ANSWER 
“AC system! A Ps | 
In which electrical sub-system is the ‘DC system’ 


problem or “gripe” located? "APU elect sys’ 
unknown 


Space to Mark 
F2 Scroll F10 Help H-46 CADS by GADZ 





Figure B.4 Third CADS Screen Asking for Electrical Sub-system. 


The third screen changes little from the previous, except for the question asking in 
which electrical sub-system the gripe is located. Knowing that the generators are part 
of the AC system, highlight “AC system’ and press “Enter”. Wait momentarily while 
CADS ioads the AC svstem knowledge base. You will notice that the status lamp in 
the lower right corner has changed to CONSULTATION ... When the AC system 


knowledge base is loaded, it will change back to READY, then you can continue. 


Caution: DO NOT select unknown at this point. If you do, press the “Alt” and ”G” 


keys simultaneously to return to the main menu. 
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CADS help menu 
TROUBLESHOOTING PROCEDURES & POSSIBLE CAUSE 


system to aid squadron maintenance personnel diagnose aircraft system problems. 

1. You will be asked a series of questions about the “gripe” you are troubleshooting. 

2. Answer the questions by highlighting your response. Responses are found in the 
“SELECT AN ANSWER” window in the lower right hand corner of the screen. Use the up 
and down arrow keys to highlight your response, then press the “Enter” key. 

3. To see the list of possible answers to a question, or to see the entire answer, press "F10” 
then select “options for response”. 


4. |f you get stuck, press the “F10” key to get help from the CADS help menu. 
begin CADS consultation = yes (100%) because kb-18. 


QUESTION SELECT AN ANSWER 


"GEN FAIL LT ON ~ both Gens. 
Une d Y - either 

What is the symptom in the AC system? ‘One or nae ESS BUS LT ON- 
‘One DC BUS LT ON - either 
‘Opposite DC BUS LT ON - one 
unknown 


Space to Mark 
F2 Scroll F10 Help H-46 CADS by GADZ 





Figure B.5 Fourth CADS Screen Asking for the AC System Symptom. 


The AC system knowledge base is now loaded. You are asked for the AC system 
symptom. These symptoms are the same as the symptoms listed in the maintenance 
manuals’ troubleshooting tables. The SELECT AN ANSWER window 1s too small to 
display the entire symptom. That is no problem. Press the F10 key for the CADS help 
menu. Highlight “options for response”, and press “Enter”. The full list of acceptable 
responses will appear in the TROUBLESHOOTING PROCEDURES & POSSIBLE 
CAUSE window. When you have selected your response, highlight the appropriate 
response in the SELECT AN ANSWER window. In this case highlight "GEN FAIL 
LT ON - both Gens ON - rotors at flight rpm’, and press “Enter”. 
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CADS help menu 
TROUBLESHOOTING PROCEDURES & POSSIBLE CAUSE 


The first troubleshooting check of this symptom is to check the 
PMG and Exciter Windings/Wiring: 


No Power on the helicopter. Non-turn-up. 

1. Read PMG from the supervisory panel (241P5 or 241P6) 
(AtoB,BtoC,Cto A)should = 0.5 ohms. 

2. Read A and B and C to ground. Thisshould = infinity. 
Read E to H should = 2.1 ohms. 
Read EorHtof = 2.8 ohms. 


QUESTION SELECT AN ANSWER 


A A a 


. + 
E A Na E O S ` 
{~ > see XN 
` ~ 4. VS 
ath A: AS 


Are all of the resistances to the first no 
troubleshooting check correct? unknown 


Space to Mark 
F2 Scroll F10 Help H-46 CADS by GADZ 





Figure B.6 Fifth CADS Screen Displaying First Isolation Procedure. 


The first isolation procedure for this gripe is displayed, along with a question asking 
about the outcome of this procedure. You now need to perform the procedure to 
answer the question. Let us say that you performed the isolation procedure and found 


that all the resistances are correct. Highlight “yes”, and press “Enter”. 
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CADS help menu 
TROUBLESHOOTING PROCEDURES & POSSIBLE CAUSE 


If you are sure that all the resistances are correct with NO 
POWER on the helicopter, the second troubleshooting check is of 
the generator Control Switches and Wiring: 


No Power on the helicopter. Non-turn-up. 

Read terminals R and S (241P3 or 241P4) for resistance with the 
Power Control Master Switch in the #1 and #2 GEN position, and 
select Generator Switch to GEN. 


an r. Maa Ll aielae An as: 
"Ay Y iv we Se BE. es O A] 
ALAN NIN NS NILO IL A AN 
EIA eRe si p Winn Mae NY 
st 


QUESTION SELECT AN ANSWER 


tn eet Cag sees, 
> PEN ARS oi 


Is there resistance between terminals no 
R and Sin the second troubleshooting unknown 
check? 


Space to Mark 
F2 Scroll F10 Help H-46 CADS by GADZ 





Figure B.7 Sixth CADS Screen Displaying Second Isolation Procedure. 


You must now check for resistance between terminals R and S. Let us say that there is 


resistance. Highlight “yes”, and press “Enter”. 


66 


CADS help menu 
TROUBLESHOOTING PROCEDURES & POSSIBLE CAUSE 


if you are sure that alli the resistances of the first two 
troubleshooting checks are correct with NO POWER on the helicopter, 
the next troubleshooting check is: 


With rotors at flight rpm and generators OFF -- 
cross connect the opposite Supervisory Panel into 
the malfunctioning system. 

Turn ON discrepant AC system. 


QUESTION SELE 


A : A 
se ta NAS 


yes . Me Ar tse fo wedi gc matte oe 
Does the generator come on line and the no 
GEN FAIL light go out? unknown 


Space to Mark 
F2 Scroll F10 Help H-46 CADS by GADZ 





Figure B.3 Seventh CADS Screen Displaying Third Isolation Procedure. 


Since your first two troubleshooting checks resulted in correct resistances, you must 
perform this third isolation procedure. Let us say that you performed it, and found 
that the generator did come back on line and the GEN FAIL light on the cockpit 
caution panel went out (vou are a pretty good troubleshooter!). Highlight “yes”, and 


PES NETET. 
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CADS help menu 
TROUBLESHOOTING PROCEDURES & POSSIBLE CAUSE 


If you are sure that all the resistances of the first two 
troubleshooting checks are correct with NO POWER on the helicopter 
the next troubleshooting check is: 


With rotors at flight rom and generators OFF -- 
cross connect the opposite Supervisory Panel into 
the malfunctioning system. 
Turn ON discrepant AC system. 
elect-prob-cause = Supervisory Panel malfunction (100%) because rule-3. 


QUESTION SELECT AN ANSWER 


Space to Mark 
F2 Scroll F10 Help H-46 CADS by GADZ 





Figure B.9 Eighth CADS Screen - Electrical Problem Cause Found. 


Notice that CADS displays a message “elect-prob-cause = Supervisory Panel 
malfunction (100%) because of rule-3”. The consultation has ended, and this message 
is CADS’s way of telling you that the cause of the gripe has been found. The message 
also informs you that CADS is 100% certain of the cause, and this information 1s 


contained in rule-3 of the knowledge base. 
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APPENDIX C 
CADS KNOWLEDGE BASE MODULES 


goal = 'begin CADS consultation'. 


automaticmenu( ALL). 
enumeratedanswers(ALL). 


initialdata = [helo-display directions, ,major-system]. 
if display([nl,' 


H 
ia) E 
y ), | ma ith 
d >. SA A ) ) 
( WELCOME TO CADS!!! | 
( H-46 HELICOPTER ) 
(——_COMPUTER AIDED DIAGNOSTIC SYSTEM!!! / 
Am 
o 0 0 


'nl]) 
then helo-display. 
Si tcctions) = [' 


Would you like a few directions 
Gammow to use CADS?']. 


legalvals(directions) = ['yes','no']. 


whenfound(directions = 'yes') = 
display(-nl, 
This system is designed to be a prototype microcomputer-based expert 
system to aid squadron maintenance personnel diagnose aircraft system 
problems. 
1. You will be asked a series of questions about the "gripe" you are 
Bares snoot 1nd . 
2. Answer the questions by highli hting your response. Responses 
are found in the "SELECT AN ANSWER" window in the lower 
right hand a of the screen. Use the up and down arrow 
keys to pean light your response, then press the "Enter" key. 
3. To see the oe of possible answers to a question, or to see 
the entire answer, press "F10" then select "options for response". 
4. If e aa Seri apes the key marked "F10" to get help from 
the heip menu. : 


whenfound(directions = 'no!') = 
display([nl, 
After a erg the questions shown below 
walt momentarily while CADS loads the Knowledge Base he the 
major system that you want to troubleshoot.',nl,nl] 


question(major-system) = [' 
In what major aircraft system is the 
problem or “gripe” located?’ nl 


legalvals(major-system) = a ua 
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[*----------- SUB-SYSTEM QUESTIONS = 2 --=----------- */ 


whenfound(major-system = 'electrical') = electrical-sub-system. 


question(electrical-sub-system) = [nl,' 
In which electrical stb svecemeis 
the problem or "gripe" located: nie 


legalvals(electrical-sub-system) = ['AC system','DC system', 
'APU elect sys']. 


whenfound(major-system = ‘hydraulic') = hydraulic-sub-system. 


question(hydraulic-sub-system) = [nl,' 
In which hydraulic sub-system is 
the problem or "gripe" located?',nl]. 


legalvals(hydraulic-sub-system) = 
[ flight, control ivdrauite cy scenu: 
acne control pressure Indveat imgmays ten 
‘Utility Power Syst en SEn 
‘utility pressure indicating system'-=, 


if major-system = 'electrical' 
and electrical-sub-system = 'AC system! 
and do( load ac-ellect ) 

then 'begin CADS consultation. 


majos stone 
an A = 'DC system' 
and do( load dc-elect ) 


then 'begin CADS consultation'. 


if major-system ~ erecta 
and electrical-sub-system = 'APU elect sys' 
and do( load apu-elec ) 

then "begin CADS, consultatvoenu: 


if major-system = 'hydraulic' 
and hydraulic-sub-system = 'flight control hydraulic system! 
or. hydraulic sub systemi 
a control pressure indicating system' 
O 


and do( load hydr ) 
then 'begin CADS consultation'. 
if major-system = 'hydraulic' a 
and hydraulic-sub-system = ‘Utility Power System! 
or hydraulic-sub-system = ‘utility pressure indicating system' 


and do( load utility ) . 
then 'begin EADS Consultation 


PAARARARARA RA Ah END OF INITIALIZATION MODULE kkkkkkkkkkkkkkkk/ 
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[RARA AA AAA A RARA  MAJOR-SYSTEM: ELECTRICAL XXXAXAXAXHAAKHAKHAKKA KA 


----ELECTRICAL SUB-SYSTEM: AC SYSTEM SYMPTOMS--------- * / 


goal = elect-prob-cause. 


automaticmenu(ALL). 
enumeratedanswers(ALL). 


presupposition(ac-sys-symptom) = 


MEN ee Goes =e Cree barca! 
and electrical-sub-system = 'AC system’. 
question(ac-sys-symptom) = [nl,nl 


i 
What is the symptom in the AC system?',n1]. 


peepee roto = fí 

Ia EON Oth Gens ON - rotors at flight rpm', 
ION? PESS BUS LT ON = either or both Gens ON - rotors at flight rpm', 
'One or both ESS BUS LT ON - assoc. with one Gen ON - ieee Bp 
oteeee EUSscT ON = etther cr both Gens ON = rotors flight rpm", 
Pepecott eye BUS LT ON - one Gen ON - Fotors flight RPM: ] 


[Fono - AC SYSTEM SYMPTOM: 
GEN FAIL LT ON - BOTH GENS ON - ROTORS AT FLIGHT RPM ------ x / 


pee aces ys” symptom = 

coma tell ON = beth Gens ON = rotors at flight rpm’) = 
aspan (nl-nl, 
WMMetárst troubleshooting check ofthis symptom is to check the 
PMG and Exciter nano 


No Power on the helicopter. Non-turn-up. 

l. Read FMG from the supervisory e (241P5 or 241P6) 
(A to B, B to C, C to A) should = 0.5 ohms. 

2. Read A and B and C to ground. This should = infinity. 
Read E to H = 2.1 ohms. 
Read E Of Heto bp = 2.8 ohms." nl nl,nl]). 


rule-1: if Dd ptom = 
'GEN FAIL LT ON - both Gens ON - rotors at flight rpm' 
and 'first ts check'= no 
then elect-prob-cause = 
'Discrepant Generator PMG or Exciter Windings/Wiring Faulty’. 


question('first ts check') = [nl,' 
maemo OL the resistances of the first 
fmeubrteshooting check correct?’ al]. 


legalvals('first ts check') = ['yes','no']. 


«nenfound('first ts check! = yes) = 
display([nl,nl,' | 
ee yeu fem wibe senate eM Lem Gest@otamees are correct with NO 
POWER on the helicopter the second troubleshooting check is of 
the generator Control Switches and Wiring: 


No Power on the helicopter. Non-turn-up. . 
Read terminals R to S (241P3 or 241P4) for resistance with the 
Power Control Master Switch in the #1 and_#2 GEN position, and 
select Generator Switch to GEN.',nl,nl,nl]). 
rule Lt O = 
CEE ALESET ON = both Gens ON = rotors at flight rpm’ 
and 'first ts check'= yes 
ME second tS Check’ = no 
Enemme Lect-prob-cause = a 
'Discrepant Generator Control Switches and Wiring Faulty'. 
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CSS ts check a= sae 
S there resistancembpetweehmucmilicais 
R and S in the second troubleshooting check?',nl]. 


legalvals('second ts check') = ['yes','no']. 


whenfound('second ts check' = yes) = 
display ninii 
If you are sure that all the resistances of the first two) 
tl checks are correct with NO POWER on the helicopter 
the next troubleshooting check is: 


With rotors at flight rpm and generators OFF <== 
cross! connect the opposite Supervisor banco 
the malfunctioning system. 

Turn ON discrepant AC system.',nl,nl,nl]j). 


rule-3: if ac-sys-symptom = 
"GEN FAIL LT ON = both Gens TON — rotors satasiqn een: 
and 'first ts check'= yes 


and ‘second ts check' = yes 
and 'generatormeomes Tonk inek ; 
then elect-prob-cause = 'Supervisory Panel malfunction'. 


presupposition('generator comes on line') = 
AG pence aaa = | 
"GEN FALL LT ON = both Gens ON foirors at flight rom. 


questioni ornent comes on line') = {nl,' 
Does the generatori come on rince andi e 
GEN FAIL light Gemoure "ania. 


legalvals('generator comes on line') = ['yes','no']. 


whenfound('generator comes on line' = no) = 
display ni ni ; 
Since the generator did not come on line and the GEN FAIL light 
isøstill on, the ue Pane? is probably OK. 
You must continue to troubleshoot the AC system. 


With main generators selected and both . 
enerator switches ON, check for 115 to 120 vac pins A,B, and 
to ground=or the related generator ace sane cepa cule 
161J3  161J4 or termin <c pR andi al D ENa 
terminal board on generator test cable. See fig. 1, 
A1-H46AE-420-000, section 008 00, page 8 


presupposition(gen-voltage-reading) = 
A = | 
"GEN FAIL LT ON = both Gens ON ‘= rotor: ar Cognit A 


o = (NIN 
What are the generator voltages reading?',nl]. 


Legalvals(gen-voltage=neading) = | “Voltages scemeecr 
'voltages missing or low','one or two voltages = 0']. 


whenfound(gen-voltage-reading = 'voltages correct') = 
display Ani AL 
If you are sure thatithelgenerator voltige man co seam, 
the generator malfunctions because the p asing connections are 
incorrect or because of a faulty contactor control. 


You must now check the phasing, contactor control, and switch 
control. 


E a pho detector, check for proper phase rotation at 
related test receptacle 161J3 16134.',n1,n1,n1]) 
rule-4: if ac-sys-symptom = 
'GEN FAIL LT ON - both Gens ON - rotors at flight rpm' 
and not('generator comes on line' 
and gen-voltage-reading = ‘voltages correct’ 
then 'phase rotation! is sought. 
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whenfound(gen-voltage-reading = 'voltages missing or low') = 
ease lay ( (nl nla! 
If you are sure that the generator voltages are missing or low, 
the generator malfunctions possibiy because the exciter 
Windings are defective, PMG output is incorrect, or because of 
a feeder fault. 


You must now troubleshoot the generators PMG output, exciter windings, 
anceteeder wires: 


With generators OFF, connect the generator test 

cable - see fig.1 - between the supervisory panel receptacle and 
connector pig 2Z41P5 241P6 on the malfunctionin aye em. 
At the test terminal board, check for approximate 8 vac 
between ground and terminal E and terminal SE 


rule-5: if ac-sys-symptom = 
e SAT Li ON = Doth Gens ON - rotors at flight rpm' 
and not('generator comes on line') 
and gen-voltage-reading = 'voltages missing or low' 
then 'PMG output" is sought. 


whenfound(gen-voltage-reading = 'one or two voltages = 0') = 
display(inl,nl,' 
a ec sure trat the generator one or two voltages = 0, 
the generator malfunctions possibly because of a feeder fault. 


You must now troubleshoot the generators feeder wires: 


Perform the following with the helicopter shut down and all 
power removed: 


Disconnect cables from T4, T5, and T6. 

2 os infinite resistance to ground at terminals T1, T2, 
an ; 

ces iStance at any terminal is measUrable, disconnect 
wire from terminal to determine whether ground fault 
1s in generator or on feeder wire. 

Pee ee wre teiat it ltesbesistancesoctween terminals: Tl, T2, and T3. 

5 If any resistance between any combination of terminals is 
measurable, disconnect wires from those terminals to 
determine whether ground fault is in the generator or on 
feeder wires. 

6 Check for zero resistance to ground on wires 
that were removed from terminals T4, T5, and T6.',nl]). 


rule-6: if ac-sys-symptom = 
pceeratl LT ON ~ both Gens Ol) - rotors at flight rpm' 
ana not('generator comes on line' 
and gen-voltage-reading = 'one or two voltages = 0' 
gem zeeder fault! 1s sought. 


/*----------------- AC: PHASING CONNECTIONS------------------ */ 


question('phase rotation') = (nl,nl,' 
Ate phase rotation correct?',nl]. 


legalvals('phase rotation') = ['yes','no']. 


whenfound('phase rotation' = 'yes') = 
sl 
Cee gaS Correct, verify ground phase reference wires are 
Coe acO LEC tly toageneratoreterminals T4, T5, and T6 
TA through thelr correct cores in current transformer 241T3 
41T4. 


You must also check the contactor. 


eoe roper voltage 1s 115 - 120 vac and 

tad ies pnase 1S present at terminals Al, Bl, and Cl respectively 
Mgeaot 2, BZ, and CZ of related contactor 

242K1 242K2 check for 28 vdc between pins A and B of contactor 
Semmecror pluq 2Z42Pl 242P2. 


whenfound('phase rotation' = 'no') = 
display (inl mEn 
If phasing is incorrect, locate crossed connections - generator 
di bs T2, T3, or Contactor terminals 22Z2KT" 22252000 
, an i 


You must also check the contactor, 


When proper voltage is 115 - 120 vac and 
roper phase is present at terminals Al, Bl, and Cl respectively 
ut not A2, B2, and C2 Of Helateqdeconeactor 
242K1 242K2 check for 28 vdc between pins A and B of contactor 
connector plug 242P1 242P2. 


A A sss. coc. oo ae ely) 
[Ferrara AC: CONTACTOR CONTROL-================== x / 
question('contactor voltage') = [nl,nl,!' 

Is there 28 vdc between pins A and B.',nl]. 
legalvals('contactor voltage') = ['yes','no']. 
rule-7: 1f gen-voltage-reading = 'voltages correct' 

and 'phase rotation' 

and “contacromm oleae: 

and display ia 

If the 28 vdc Mco reo ec Ence Conroe Cor ae aaaE 
then elect-orob-cause = 'gen malfunction - faulty contactor'. 
rule-8: if gen-voltage-reading = ‘voltages correct’ 

and 'phase rotation! 

and not('contactor voltage’) 

and display([nl,nl,' 

If you are sure that the voltage Is notio Vde Ve nE eed eS 

Bou and pin A of the supervisory panel connector plug 241P3 
P4. 

Correct discregant wir morken a on 
then elect-prob-cause = 'gen malfunction - contactor wiring faulty’. 
rule-9: if gen-voltage-reading = ‘voltages correct' 


and not('phase rotation') 
and ‘contactor velirage 
and dis e 
If the 28 vdcTis correcta eplace nero nico 
The phasing is incorrect also. Locate the crossed 
connections. ni niio 
then ,elect-prob=cause y= . 
'generator malfunction - phasing incorrect and faulty contactor'. 


rule-10: 1£ gen=voltage=reading = voltages Feah ect 
and ene ase rotation!) 
and not('contactor voltage' ) 
and display([nl,nl,' 
Lf you are sure Chat tte voltage reno o very, pin Ss. co 
gone and pin A of the supervisory panel connector plug 241P3 


Correct discrepant wiring. ; 

The phasing is incorrect also. Locate the crossed connections.',nl,n1l]) 
then elect-prob-cause = 

‘generator malfunction - phasing incorrect and faulty contactor’. 


/*---------------------- AC: PMG OUTPUT------------------ */ 


question('PMG output') = [nl,nl,' 
What is the value of the pm voltage 
between ground and terminal E and 
terminal H? 


Enter a number between 0 and 38.',nl]. 
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legalvals('PMG output') = number(0,38). 


whenfound('PMG output' = 38) = 
dgsolay([nl,n1, ' 
You just entered 38 which is normal voltage - 38 vac. 


Now you need to troubleshoot and check the exciter winding: 
Used the generator test cable as in the PMG output check, 


check for approximately 2.3 vdc between ground and terminal F 
Sepcest Eerminal board:.',nl,nl]). 
rule-11: if o gor eang = 'voltages missing or low' 
and 'PMG output' = 
and X < 38 


and display([ni,nl,' 
You just entered a voltage below 38 vac, if you are sure that 
the voltage is low, disconnect test cable receptacle at helicopter 
cable a and repeat measurement. If voltage does not rise to 
e 


approximately 38 vac, the pm section of the generator is 
@etective.' ,nl,nl] 
then elect-prob-cause = 'PMG output incorrect’. 
rule-12: if Sree eee Eng = 'voltages missing or low' 
and 'PMG output! = ; 
anda. = 36 
and 'exciter dc voltage' = Y 
ame << 2.3 


and display([ni,nl,' 

You_just entered a voltage below 2.3 vdc. Since the dec voltage 
1s low, operate the switch on test cable to OFF position and 
Pemedtemeasuremenc. 


If the voltage remains low 

panel 1s deféctive.' nl,nl] 
hente lect-prob-cause = 

'Regulator module in Supervisory Panel Defective'. 


the regulator in the supervisory 


[*ž--------------------- AC: EXCITER WINDING------------------ */ 


question('exciter dc voltage') = [nl,nl,' 
What is the value of the voltage between 
ground and terminal F of test terminal 
board? 


Enter a number between O and 38.',n1l]. 
legalvals('exciter dc voltage') = number(0,38). 


rule-13: if Goma age” reading = 'voltages missing or low' 
and 'PMG output! = 
and X = 38 
ana exciter dc voltage' = Y 
ana ¥ > 2.3 


2 
and E na 
You just entered a voltage above 2.3 vdc. 
Seer the de voltage is in excess of 2.3 vdc, the 


exciter winding in the generator is defective.',nl,nl]) 
then elect-prob-cause = 'Exciter Winding Defective’. 


whenfound('exciter dc voltage' = 2.3) = 
display (jal ni, ' 
You just entered voltage = 2.3 vdc. 


The exciter winding is probably OK. You now need to check for 
fee cr faulrs.',ni,nlj). 
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rule-i4: 1f gen-veltage=reading = ivoltage imis EE 
and 'PMG output! = X 


Cele were 
and 'exciter de voltage" = Y 
and Y = 2.3 


and display([nl,' 
Are we supposed to troubleshoot for FEEDER FAULTS now?',nl,nlj) 
then elect-prob-cause = 'UNKNOWN - NOT PROGRAMMED YET'. 


Į*---------------------- AC: FEEDER FAULT----------------- */ 


question('feeder fault") = (ni ni ™ 
Is there any measurable resistance 
between any combination of terminals?',nl,nl]j. 


legalvals('feeder fault') = ['yes','no']. 


[Keane e nnn e nee een n ee == + --- 
if gen-voltage-reading = 'one or two voltages = 0! 
and 'PMG cutput' = 
and X = 38 
and 'exciter de voltage’ y= y 
and Y = 2.3 


.2 
and re cc EA 
and display([nl,nl,' a 
When you have found whether ground fault is in the generator or 
on feeder wire, correct wines paul tonese ol see sae scene 
generator as appropriate.',nl,nl]) 
then elect-prob-cause = 'Feeder Fault'. 


rule-15: if gen-voltage-reading = 'one or two voltages = 0! 
and feeder amis 
and display([nl,nl,' 
if you are sure that there is measureable resistance between 
any combination of terminals then 
disconnect wires from those terminals to determine whether 
there is ground fault in the Generator or on the feeder wires. 


When you have found whether ground fault is in the 
enerator or on feeder wire, correct wire fault or replace 
efective generator as appropriate.',nl,nl]) ae 
then elect-prob-cause = 'Feeder Fault or Generator malfunctioning’. 


rule-16: if gen-voltage-reading = 'one or two voltages = 0' 
and not(' feeder trante 
and display (niga a 
If there is no measurable resistance - infinite resistance - 
then the problem is ono the scope of this Program SOrry: 
Do not pass go. DomROC colecti 300mrn ean 

then elect-prob-cause = 'UNKNOWN - NOT PROGRAMMED YET'. 


/*------------ AC SYMPTOM: 
ONE ESSENTIAL BUS LT ON - EITHER OR BOTH GENS ON - ROTORS AT 
FLIGHT RPM --------------- * / 


whenfound(ac-sys-symptom = 
'One ESS BUS LT ON - either or both Gens ON - rotors at flight rpm') = 


display (li ade 
This is an indication problem. To troubleshoot: 


Check for 115-120 vac at terminals 42 BZ) and) @2.comeqeemc 
of ac main line contactor 242K] 242K2.3 lead 
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e E o peon = 
eae a STON erther of both Gens ON = rotors at flight rpm' 
and 'mainlinecont voltage correct' 
and 'wiring continuity' 
and display([nl,nl,' 
If you are sure that the voltage is correct, and the wiring 
continuity readings are good, then 
replace the defective BUS FAIL - phase sensing - RELAY 242k3 
242K4.',n1]) 


then elect-prob-cause = 'Essential Bus Fail Relay'. 
question('mainlinecont voltage correct') = [nl,nl,' 

Is the voltage eee lle 
legalvals('mainlinecont voltage correct') = ['yes','no']. 
whenfound('mainlinecont voltage correct! = 'yes') = 


das pla ni, . ae 

Check For Wee ed between the ac main line contactor 
a a Na BZ. and C2 to Ll, L2, and L3 of 

BUS FAIL -phase sensing - RELAY 242K3 242K4.']). 


question png continulty') = [nl ,nl,' 
ES te’ wiring continuity good?', nl]. 
legalvals('wiring*eentinuity'»y = ['yes','no']. 


wulen | Si ae peon = | 
NES SO BUS RON esther or both Gens ON - rotorsgat flight rpm' 
and not('mainlinecont voltage correct') 
and A 
Check for 115-120 vac at terminals Al, B1, and C1 to ground of 
AC MAIN LINE contactor 242K1 242K2. If those voltage readings 
are correct, replace AC MAIN LINE CONTACTORS'",n1]) 
then elect-prob-cause = 'Essential Bus Fall Relay'. 
mie to if o = 
Poceo U L ON Retener Doth Gens ON -~ rotors at flight: rpm' 
e an ae cont voltage correct" 
and not('wiring continulty') 
ana cispray [ni am” POD - SS | 
Beou are sure that the wiring continuity 15 incorrect repair 
Enemv tring. nl) ) 
nene lect=prob-=cause = 
Ney Wiring between AC Main Line Contactor and BUS FAIL RELAY 
terminals’. 


/*ž------------ AC SYMPTOM: 


UNENOR BOTE ESSENTIALTBUS LT ON ASSOCTATED WITH ONE GEN ON - 
AOS AE LIGA LARA = =ses-- 2 


whenfound(ac-sys-s apo = 
'One or both ESS BUS LT ON - assoc. with one Gen ON - flight rpm') = 
aecolayc(ni,nl, ' 
Siecmero> 115-120 vac at terminals Al, Bl, and Cl to ground, 
omeae Main Line contactor 242K1 242K2.',nl,nl]). 

WieeZO se Leedc-Sys-symptom = . ; 
¡OMS tor Dota ESS BUS LT ON - assoc. with one Gen ON = flight rpm' 
and 'ac main line contactor voltage correct' 
erd not 'AZ,B2,CZ yoltage' ) 

then elect-prob-cause = 'AC MAIN LINE Contactor’. 

rulei i facs eo = 
'One or both ESS BUS LT ON - assoc. with one Gen ON - flight rpm' 
ana “de main line contactor voltage correct’ 
and a2, BZ C2 voltage! 
enata Splay. [nl nl, l 
The knowledge engineer is Prene sure that with both sets of 
a e re ings correct the ESS BUS indicator 1s probably 

altro. ' 1 
then eléct-prob-cause = MR ES SBS indicator. light! cf 80. 
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uestion('ac main line contactor voltage coq cor m= sie 
s the voltage 115-120 vac from terminals 
A1, BI, CI to grounna mmni]. 


legalvals('ac main line contactor voltage correct') = ['yes','no']. 


whenfound('ac main line contactor voltage correct' = 'yes') = 
displann nipi 
If you are sure that the voltage is 115-120 vac from terminals Al, 
Bl, and Cl to ground you have an indicator problem. 


Next, cneck for 115-120 vac from terminals AZ, B2, and C2 to ground, of 
AC MAIN LINE CONTACTOR 242K1.',nl,nl]). 


Gus ECO Grn cue gaa voltage') = {nl,nl,' 
s the voltage 115-120 vac from terminals 
A2, BZ, C2 to Ground 


legalvals('A2,B2,C2 voltage') = ['yes','no']. 


whenfound('ac main line contactor voltage correct! = 'no') = 
display (nia 
If you are sure that the voltage between terminals Al,Bl,and Cl 
and ground is NOT 115-120 vac, then you must now 
Check for wiring continuity of generator wiring from 
disconnected terminals T1, T2, and T3 of #1 GEN to terminals 
Al, Bl1, and Cl of AC MAIN LINE Contactor. nt aie 


question('ac main line contactor wiring continuity') = [nl,nl,' 
Is the wiring continuity oo e 
legalvals('ac main line contactor wiring continuity') = ['yes','no']. 


rule-22: if ac-sys=sympvoue. . 
'One or both ESS BUS LT ON = assoc. with one Gen ON - flight rpm’ 
and not('ac main line contactor voltage correct' 
and 'ac main line contactor wiring continuity’ 
and dis Tey eee 
Since che irst voltages of the first chechiwere INCOrre Tend 
the wiring continuity is good, then the AC Mainline Contactor 
is faulty. nis 
then elect-prob-cause = 'Defective AC MAIN LINE CONTACTOR' cf 80. 


rule-23: if ac-sys-symptom = 
'One or both ESS BUS LT ON - assoc. with one Gen ON - flight rpm' 
and Ogee main line contactor voltage correct') 
and not('ac main line contactor wining continua 

then elect- -prop cau eps na A 
'Defective AC MAIN LINE Contactor wiring continuity defective'. 


/*ž---------- AC SYMPTOM: 


ONE DC ™BUS LIT ON@= EETRER OR BOTH GENS TON RO Oko oe eee x 


whenfound(ac-sys-symptom = . 
‘One DC BUS LT ON - either or both Gens ON - rotors flight rpm') = 
display([nl,nl,' 
Check for 28 vdc between X1 and X2 of 
BUS FAPLURE RELAY 161K3 161K4.' nl nl DE 
rule-24: if ac-sys-symptom = 
'One DC BUS LT ON - either or both Gens ON - rotors flight rpm' 
and ‘xl, x2 de yoltage COS 
then elect-prob-cause = 'Defective BUS FAILURE RELAY'. 
question('XK1,XK2 de voltage correct’) = mini 
Is the voltage between X1 and X2 ¿abrace? nie 


legalvals('X1,x2 de voltage correct!) = ['yes','no']. 
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whenfound('X1,X2 dc voltage correct' = 'no') = 
ams olay [ni ,nl,' 

If you are sure that there is no voltage present, 

check for 28 vde at left or Cone inetion box at the DC 


@lecuit breakers bus bar.',nl,nl 


Peesupposition('DC C/B bus bar voltage') = 
ac-sys-symptom = 
mone De sbU5 lf CN - elther or both Gens ON - rotors flight rpm'. 


question('DC C/B bus bar voltage') = [{nl,nl,' 
Pomene VO. tage present sat the 
PGscircuit breakerebus bare’ nl|. 


legalvals('DC C/B bus bar voltage') = ['yes','no']. 


piso: 1 ‘DE C/B bus bar voltage! = 'yes' 
andidisplay({nl nl. 
If you are sure that there is no voltage present between X1 and X2, 


an 
T: voltage IS present at the DC circuit breakers bus bar 
en 
use multimeter and A1-H46AE-WDM-000, WP 004 00 or 
A1-H46AE-WDM-010, WP 004 00 | 
to fault Isolate wiring and repair as necessary.',nl,nl]) 
then elect-prob-causel= 'Defective. BUS FAILURE RELAY'. 
Ble-26- 1f acasys-symptom = 
One DC BUS @LT ON - either or both Gens ON - rotors flight rpm' 
and not('DC C/B bus bar voltage') 
and display({nl,nl,' . 
Lee are sure that there is no voltage present between Xl and X2, 
an 
Wa voltage Ls NOT pres@ht at the DC cireuit breakers bus bar, 
PRD BUS Light indicator is faulty.',nil) — 
then elect-prob-cause = Faulty DC BUS Light indicator' cf 80. 


J*ž------------- AC SYMPTOM: 
OPPOSITE DC BUS LT ON - ONE GENERATOR ON - ROTORS AT FLIGHT RPM--*/ 


a a aaae s symptom = 


'Opposit DC BUS ON - one Gen ON - rotors flight RPM') = 
Tal 
Check for 28 vdc between X1 and X2 at 


Demer@ocrT Le RELAY -161K5.',n1,n1]). 
mole 27: 1f a = 
'Opposit DC BUS LT ON = one Gen ON - rotors flight RPM' 


elm he TIE Ml AZ voltage correct! 
then elect-prob-cause = ‘Defective DC CROSS-TIE RELAY'. 


question('DC XTIE X1,X2 voltage correct') = [nl,nl,' 
Is the voltage between Xl and X2 = 28 vdc?',nl]. 


legalvals('DC XTIE X1,X2 voltage correct') = ['yes','no']. 
whenfound('DC XTIE X1,X2 voltage correct! = 'no') = 


display( (nl, 
If voitage is not present, check for 28 vdc between terminal B2 


and ground of DC MAINLINE CONTACTOR 161Ki 161K2.']). 


rule-28: 1f ac-sys-symptom = 
ESSE BUS LIT ON = one Gen ON - rotors flight RPM' 
and not('DC XTIE X1,X2 voltage correct') 
and B2 voltagel' 
and display([nl,' | 
If you are sure that there is 23 vdc between terminal B2 and 
ground of the DC MAINLINE CONTACTOR, then 
use multimeter and A1-H46AE-WDM-000, WP 004 00 or 
AL-H46AE-WDM-010, WP 004 QO 
to fault isolate wiring and repair as necessary.!',nl,nl]) 
then elect-prob-cause = ‘Defective DC CROSSTIE RELAY wiring' cf 60. 
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question('B2 vo = olm 
Is there 28 vdc between B2 and ground?',nl]. 


legalvais('B2 voltage') = ['yes','no']. 


whenfound('B2 voltage' = 'no') = 
display (Toi 
If you are sure that voltage is not present between B2 and 
round, then check for 28 vdc between terminal B3 and ground of 
DC MAINLINE CONTACTOR 161K1 161K2.']). 


rules 20 EE SS MS 
'Opposit DC BUS LT ON - one Gen ON - rotors flight RPM' 
and ies XTIE X1,X2 voltage correct') 
and not('B2 voltage') 
and 'B3 voltage' 
and STOPI a ARL 05) | 

then elect-prob-cause = 'Defective DC MAINLINE CONTACTOR'. 


question('B3 Vote see s fal nii 
Is there 28 vdc between B3 and ground?',nl]. 


legalvals('B3 voltage') = ['yes','no']. 


rule-30: 1f ac-sys- <S/0pColis 
'Opposit DC BUS LT ON = one Gen ON - rotors flight RPM' 
and not('DC XTIE X1,X2 voltage correct') 
and not('B2 voltage' 
and not('B3 voltage' 
and display Inimi | 
If you are sure that there is 28 vdc between terminal B3 and 
ground of the DC MAINLINE CONTACTOR, then 
use multimeter and A1-H46AE-WDM-000, WP 004 00 or 
A1-H46AE-WDM-010, WP 004 00 
to fault isolate wiring and repair as necessary.',nl,nl]) 
then elect-prob-cause = 'Defective DC CROSSTIE RELAY wiring' cf 60. 


JARARARRARARAR END OF AC ELECTRICAL MODULE  *AAAXARAARAA RA AAA RAR / 
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[FRRARRRRAARARÍRARAAK MAJOR SYSTEM: ELECTRICAL *XXXAXAXARXARAR* 
--- ELECTRICAL-SUB-SYSTEM: DC SYSTEM ----------- * / 


goal = elect-prob-cause. 


automaticmenu(ALL). 
enumeratedanswers(ALL). 


presupposition(dc-sys-symptom) = 


maior- system = "electrical' 
anmi electrical-sub-system = 'DC system!. 
/*----ELECTRICAL SUB-SYSTEM: DC SYSTEM SYMPTOMS--------- a 


question(dc-sys-symptom) = [nl,nl,' 


what is the symptom in the DC system?',n1]. 
legalvals(dc-sys-symptom) = 

‘Equipment Connected To Battery Bus Inoperative', 

NOS DE BUS Caution LT ON = rotors operating']. 


a PONS MB ION: EQUTPMENT CONNECTED TO THE 
BATTERY BUS INOPERATIVE--------------- * / 


whenfound(dc-sys-symptom = 
‘Equipment Connected To Battery Bus Inoperative') = 
display([nl,ni,ni,nl, ' 
Check battery for defective cells, eiectrolyte leakage, 
and loose connections. Check for 21.7 vde at the battery.',nl,ni,nil]). 


presupposition('battery') = 
de-sys-symptom = 
‘Equipment Connected To Battery Bus Inoperative' 


presupposition('battery relays') = 
de-sys-symptom = 
‘Equipment Connected To Battery Bus Inoperative'. 


presupposition('battery bus voltage!) = 
dc-sys-symptom = 
"Equipment Connected To Battery Bus Inoperative'. 


presupposition('battery voltage') = 
ac-sys-symptom = | 
Egqūüipment Connected To Battery Bus Inoperative'. 


presupposition('battery switch') = 
dc-sys-symptom = | 
'Equipment Connected To Battery Bus Inoperative'. 


Geol elt dc-sys-symptom = 
Sap ct Connected To Battery Bus Inoperative' 
and 'battery' 

then elect-prob-cause = 'Defective Battery’. 


question('battery') = [nl,' 
Does tne battery have any of these 
problems: nl]. 


legalvals('battery') = ['yes','no']. 


whenfound('battery' = no) = 
(eo) oe . 
Since the battery does not have defective cells, electrolyte 


leakage, loose connections, and the voltage is 21.7 vdc, 


Check the following battery relays for proper operation: 
battery relay 
Porrero mEransfer relay 
transformer/rectifier transfer relay.',nl,ni,nl]). 


SI 


rule-2: if not battery 

ana tres o 

and pls ae 9 

E ek are sure that a battery relay Ambatcten nante relay 

or transformer/rectifier transfer relay is dereceye replace mitm mE 
then elect-prob-cause = 'Defective Battery Relay'. 


question('battery relays') = oe 
Are any of these battery relays defective?! ,nl]. 


legalvals('battery relays') = ['yes','no']. 


whenfound('battery relays' = no) = 
display ([ni ni? 
ue you are sure that the battery relays are operating properly, 
then 


Check for 25 ydc at the battery pusen MENTE 
rule-3: if dc-sys-symptom = 

E Connected To Battery Bus Inoperative' 

and not('battery') 

and not('battery relays') 

and not('battery bus voltage') 

and display({nl,nl,' 

If you are sure that ¿made Ts noo res cae o A 

troubleshoot the bus andi epa rra as required.' nl,nl,nlj) 
then elect-prob-cause = ‘Defective Battery Bus’. 


question('battery bus voltage') = [nl,' 

Is 25 vde present at the battery bus?',nl]. 
legalvals('battery bus voltage') = ['yes','no']. 
whenfound('battery bus voltage! = 'yes') = 

display ([nl,nl, | 


ae you are sure that the battery bus voltage is 25 vdc, 
chen 


Check for 25 vde at the battery. mien mejor 


rule-4: if not('battery' ) 

and not('battery relays') 

and ees bus voltage! 

and not('battery voltage') 

and display (ni smi 

f you are sure that 25 vdc is not presentati nea 
repai: Torm enie e eneel 
then elect-prob-cause = 'Defective Wiring'. 
question('battery voltage') = [nl,' 

Is 25 vdc present at the battery?', nl]. 
legalvals('battery voltage') = ['yes','no']. 
whenfound('battery voltage' = 'yes') = 

isplay (nin 


F you are sure that the battery voltage is 25 vdc, 
tnen 


Check the ground connection to the battery switch for security.',nl,nl,nl]). 


rule=5: if not( batter as 
and not('battery relays!) 
and 'battery bus voltage' 
and 'battery voltage' 
and not('battery switch’ ) | 
then elect-prob-cause = 'Defective Battery Switch’. 


question('battery switch') = [nl,' 
Is the ground connecti nE rogthe 
battery switch secure?',nl!. 


legalvals('battery switch') = ['yes','no']. 
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Ames: 1f not('battery' ) 

and not('battery relays') 

and 'battery bus voltage' 

and 'battery yo Page) 

emer’ battery switch’ 

and oes eal 

These conditions are not covered in the MIMs.',nl,nl,nl}) 
then elect-prob-cause = ‘UNKNOWN'. 


[ Rewowenreecerwnn-- Deer tes eNO. DO BUSS CAUTION LI ON=-==== a | 


whenfound(dc-sys-symptom = 
'No.1 DC BUS Caution LT ON - rotors operating') = 
display([nl,nl,' 
Siece Lor shorted No.1] DC BUS.',ni,nl,nl]). 


AE dc-svs-symptom = 
Aon DC BUS Caution LT ON =- rotorsfoperating' 
and 'shorted 1 DCBUS' 

then elect-prob-cause = 'DC overcurrent condition'. 


guestion('shorted 1 DCBUS') = [nl,' 
Pethe No:1 DC BUS shorted?! ni). 


legalvals('shorted 1 DCBUS') = ['yes','no']. 


whenfound('shorted 1 DCBUS' = 'no') = 
o 
SinecemenewiO.! DE BUS not shorted you must now check 
Biome eoperdttem of the No.l SUPERVISORY PANEL, by 
Meercgmene suostitution method.” nli,ni,nl|). 


presupposition('shorted 1 DCBUS') = 
Cc-sys-symptom = — 
Piowmmue BUS Caution LIMON- =- rotors operating’. 
presupposition('sup panel') = 
dc-sys-symptom = À 
INSIDE BUS Caution LT ON = rotors operating". 
mue 8: if not('sup panel') | 
then elect-prob-cause = 'Defective No.1 SUPERVISORY PANEL'. 
Guestion('sup panel') = [nl,' 
Is the No.1 SUPERVISORY PANEL 
eo erating properly?" nl]. 
legalvals('sup panel') = ['yes','no']. 
whenfound('sup panel' = 'yes') = 
({nt,nl, | 


displa 
ice ene No.1 DC BUS not shorted, and the SUPERVISORY PANEL 

1S operating Peor ou must now check ] 
LOr oR operation of the CROSS TIE RELAY performing the following 
troubleshooting procedures: 


Dower the helicopter with the APU. 

Cac if the No.l DC BUS stays ON and No.2 DC BUS 

Seay S OFF. ES } | 

If so, the CROSS TIE RELAY or related wiring is defective. 


* Shut down the APU immediately *',nl,nl]). 


Rema sto pane |! 
then elect-prob-cause = 'Defective CROSS TIE RELAY'. 


[ RRRARAKAKRAAKK KKK END OF DC ELECTRICAL MODULE RARARRARAAARAAR / 
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[RARKKKKKAKKKAKKA MAJOR SYSTEM: ELECTRICAL *A*XXAXRXARARARARAARA 


=< <= ELECTRICAL SUB-SYSTEM: APU ELECTREIGALD Sy oGei oye. --*/ 
goal = elect-prob-cause. 
automaticmenu(ALL). 


enumeratedanswers(ALL). 


presupposition(apu-sys-symptom) = 
major-system = crearon 
and electrical-sub-system = 'APU elect sys'. 


question(apu-sys-symptom) = [nl,' 
Wnat is the symptom in the APU 
electrical system?', nl]. 


legalvals(apu-sys-symptom) = 
'APU ON-ESS BUS + DC BUS LTS ON', 
' APU ON-GRD PWR/APU ON S NO. Z DOTBUSTE TRONE 
'APU Operating Ground PWR/APU ON Both DC Lights ON']. 


E APU SYSTEM SYMPTONMSE 


APU OPERATING - GROUND POWER -GRD POWER APU READY BOTH 
ESS BUS LIGHIS AND BOIHTDCTEUSMETGCHI STONE 
GROUND PWR/APU ON INDICATORTOU TE O O */ 


whenfound(apu-sys-symptom = 'APU ON-ESS BUS + DC BUS LTS ON') = 
display ( nl, | 
You just choose the following symptom: 


The APU is operating on ground power. 

The switches are in GRD power and APU Ready. 
Both ESS BUS lights and 

both DC BUS lights are ON. 

The Ground Pur APU ON indicator is Out. 


First check for 115-120 vac at terminals L11, L12, L13 
L1,-L2, L3 of coneactor 243K2 "ni nii m). 


question(apu-volt-rdg) = [nl,' 
What are the APU terminal voltages 
reading? ']. 


legalvals(apu-volt-rdg) = ['voltages correct','voltages missing or low', 
'one or two voltages = 0']. 


whenfound(a Uae ie ea 'voltages correct') = 
disp lay.( (na ree nll 
If you are sure that the APU voltages at terminals L11 L12 L13 - 
Li 2 L3 = are correce theeaArU maltuneelonsssceaucemanc 
phasing connections are incorrect, 
the"contacitor contro Se 
or the switch control is faulty: 
You must now check the phasing contactor control and switch control. 
Bas te 
using a phase detector, check for proper phase rotation at terminals 
L11 L1Z” £l3 = LIMONES” of contactor Zion 


A A 
rule-1: if apu-sys-symptom = 'APU ON-ESS BUS + DC BUS LTS ON' 
and apu-volt-rdg = voltage Meon recu 
then 'apu phase rotation' is sought. 
whenfound(apu-volt-rdg = 'voltages missing or low') = 


display. [ni ni ae 

If you are sure that the APUtvol tages are Timia Ingro O 
the Eau might be malfunctioning because of incorrect PMG 
output. 


Troubleshoot by performing the following checks: 
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With the APU operating, measure voltages at ds regulator 
pg 242P2 between pins A, B, C and ground. This voltage should 
e O Oya e a nL nl] ). 


rule-2: if apu-sys-symptom = 'APU ON-ESS BUS + DC BUS LTS ON' 
and apu-volt-rdg = 'voltages missing or low’ 
then 'PMG voltage! is sought. 


whenfound(apu-volt-rdg = 'one or two voltages = 0') = 
Bnei, (aint 
If you are sure that one or two APU voltages = 0, 
Siecmecee wn EUmgeneratOnereeder wires, 
Troubleshoot by performing the following checks: 
When only one or two phases are missing or low, 
the integrity of those wires must be verified. 
oal ele eca power off the helicopter echeck 
for continuity and no shorts to each of the following 
Sn L2 LI3 = LI,L2,L3 - of contactor 
a ae dsc onnected terminals Il, 72, T3 of the 
auxiliary Os = Or ground power receptacle pins 

ES de 


AD heck generator post T PTS TO around ninl). 
rule-3: if apu-sys-symptom = 'APU ON-ESS BUS + DC BUS LTS ON' 
and apu-volt-rdg = ‘one or two voltages = 0' 


then 'APU feeder wires' is sought. 


question('apu phase rotation') = he 
Is the phase rotation correct?' 


legalvals('apu phase rotation') = ['yes','no']. 
whenfound('apu phase rotation! = 'yes') = 
display([n1l,' 


If phasing 1s correct, now check the contactor control by: 


When proper eS and phasing are present at terminals 

2 LIS ="L1,LZ,L39.= contactor Z43KZ 

as Core- Ad vdc and ground at x = y > coil of contactor 
A e 


A ile 
rule-4: if apu-sys-symptom = 'APU ON-ESS BUS + DC BUS LTS ON' 

ama DU volt=tdg = 'voltagés correct’ 

and not('apu phase rotation' 
then elect-prob=cause = 'Phasing Connections Incorrect'. 
A ARU E CONTACTORS ONT OP SS > > a 
A o 


The following rule is temporarily blocked out because the 
knowledge engineer must find out whether combinations of 
paa lo conato andate waten defects are possible. 
eeprom runs NOW, 1t is phasing or contactor or 

switcn. 
whenfound('apu phase rotation’ = 'no') = 

display([nl nl, ' 

pas nc iS Iacorreat, Locacenerossediconnections - generator 

cenminals TL, 12, TS, OE ground power unit, or 

contactor terminals 243K2 LIIM Li2, 113 

eee L3. 

Now check the contactor control by: 

When proper ae and phasing are present at terminals 

Pie bs = hi L2, L3 = contactor 243K 


2 
Sets for 24 vdc and ground at x - y - coil of contactor 


/Jž----------------- APU: CONTACTOR CONTROL------------------ k/ 


question('APU contactor voltage') = [nl,nl,' 
Is there 24 vde and ground at 
x = </> eoulmor the cConbacrote, ate 


legalvals('APU contactor voltage') = ['yes','no']. 


rule-5: 1f apu-sys-symptom = 'APU ON-ESS BUS + DC BUS LTS ON' 
and apu-volt-reg = ‘voltages "comuccr: 
and 'apu phase rotation! 
and 'APU contactor voltage' 

then elect-prob-cause = 'APU malfunction - faulty CONTACTOR'. 


rule-6: if apu-sys-symptom = 'APU ON-ESS BUS + DC BUS LTS ON! 
and apu-volt-rdg = 'voltages correct! 
and eur hase rotation' 
and not('APU contactor voltage') 
and 'battery voltage' = 'battery voltage is good' 
and ld i 
IE as sure that the voltage or ground is incorrect 
fault isolate using a meter and Al-H46AE-WDM-000 - WP 004 00 
or Al-H4G6AE-WDM-010 - WP 004 00.',n1]) 

then elect-prob-cause = y 
'APU malfunction - CONTACTOR and/or wiring faulty'. 


question('battery voltage! ne — sine 
CHECK THE BATTERY! 


What is the battery voltage?']. 


iO USOS = {'battery voltage is good', 
¡battery is weak']. 


rule-7: if apu-sys-symptom = 'APU ON-ESS BUS + DC BUS LTS ON' 
and apu-volt-rdg = 'voltages correct' 
and 'apu phase rotation' 
and not('APU contactor voltage') 


and 'battery voltage' = 'battery is weak' 
and display eerie mm 
Remember: A good troubleshooter always verifies that the 


battery is good before doing these checks! l 

Get a good battery and begin troubleshooting again!',nl,ni,n1]) 
then elect-prob-cause = 

'NEAK BATTERY'. 


rule-8: if apu-sys-symptom = 'APU ON-ESS BUS + DC BUS LTS ON' 
and apu-volt-rdg = 'voltages correct' 
and 'apu phase rotation' 
and not('APU contactor voltage') 


and 'battery voltage' = 'battery voltage is good' 

and ‘APU switch Control. Continu ooa 
then elect-prob-cause = 'APU switch control transfer unit faulty'. 
[Ba APU: SWHICH CONTRO es 8s e eee dl 
whenfound('apu phase rotation' = 'yes' 

and 'contactor voltage! = 'no! 

ae a = 'battery voltage is good') = 

1s 


Lay Aomori 
Wit ai electrical power OFF the helicopter, 
check the continuity of ground power/APU power S24352. 
With switch a APU power, 
read continuity between pins . 
Y and W, S and U of connector 243P1 of the transfer unit. 
With switch at GRD PWR, 
read continuity between pins Z and W, and T and U of 
connector 243P1.']). 
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rule=9: 1£ apu=sys=symptom = 'APU ON-ESS BUS + DC BUS LTS ON' 
BUS o le ragr=" vóltages Correct! 
ana 'apu phase rotation' 


and not('APU contactor voltage') 
and 'battery voltage' = ‘bat oo voltage is good' 
ance -A>U switen control! = 'continulity bad' 


and display([nl,'. 
EC OnCINULLY IS PUNTO ESE: 


fault isolate switch or wiring using a meter and 

A1-H46AE-WDM-000 - WP 004 00 

S CAES NDM -010 -WP 004 00.",ni,nl,nij) . 
Me me lect prob- cause = I1APU switch control continuity defective'. 


[*------------ APU: PMG OUTPUT-------------------- * / 


questiont'APU PMG+output') = a 
What is the value of the voltage 
ae ne voltage regulator plug 


243P2 between pins A, B, C 
and ground? 
Enter a number between O and 40.',nl]. 
legalvals('APU PMG output') = number(0,40). 
rule-10:7if P s-symptom = 'APU ON-ESS BUS + DC BUS LTS ON' 
and apu-volt-r g = 'voltages missing or low' 
and 'APU PMG output! = & 
ANA OSOS 
and E ne 
VOS st entered 6h value less than 38 vac. 
ee ee are sure that the voltage is less than 38 vac, 
replace the APU.',nl,nl]) 
eren ONEC E prob- cause = (APUTPMG CUEPUt Incorrect - DEFECTIVE APU'. 


rule-11: 1f és s=symplieom = "APUJON=ESS BUS + DC BUS LTS ON' 
u-vo 


and a t-rdg = 'voltages missing or low' 
ama “APU PMG output! = x 

and X >= 38 

and X <= 


40 
and display([nl,nl,' . 
You ye entered a voltage between 38 and 40 vac, which is 
normal. 
Replace the voltage regulator.',nl,nl]) 
Mene lect prob=cause = 
eG CULDUL Incorrect- DEFECTIVE VOLTAGE REGULATOR!'. 


[*---------------------- APU: FEEDER FAULT----------------- * / 


question('APU feeder wires!) = [nl,nl,' 
Do you have: i 
1. proper continuity AND 
2. no shorts AND 
Sí generator post grounded between 
cemanals?'. nl ,n1] 


legalvals('APU feeder wires') = ['yes','no']. 


rule-12: 1f apu-sys-symptom = 'APU ON-ESS BUS + DC BUS LTS ON' 
and apu-volt-rdg = 'one or two voltages = 0! 
and 'APU feeder wires' 
anar lay (ni, nl, oe 
uou are sre that@ihere 1s continuity, no shorts, and that 
the generator post is grounded, then 
there does not seem to be a problem here!',nl,nl]) 

then elect-prob-cause = 'UNKNOWN NOT PROGRAMMED YET'. 
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rule-13: 1f apu-sys-symptom = 'APU ON-ESS BUS + DC BUS LTS ON' 
and apu-volt-rdg = 'one or two voltages = 0! 
and not('APU feeder wires') 
and display Gin anaes | 
Locate and repair discrepant wire on connecum Tr 
If open exists inside APU generator remove and replace APU.',nl,n1]) 


then elect-prob-cause = 'Generator Feeder Wires faulty'. 
[Keenan -en--- APU: APU OPERATING, GROUND POWER/APU ON 
NO.2 DC BUS LIGHT ON-------------------- */ 


whenfound(a rie day oo = 
'APU ON-GRD PWR/1 ON, No.2 DC BUS LT ON') = 
display (omi | | | f 
Check for 28 vdc at No.2 DC BUS inei gnt hand Unctren 
pora me 


que Ea eee DC BUS voltage') = [' 
Ls the voltage 26 Vaca ac Nora OBS 
in the right hand Junction box ne 


legalvals('APU DC BUS voltage') = ['yes','no']. 


whenfound('APU DC BUS voltage’ = 'no') = 
display ( mij miss 
If you are sure that the voltage is not 28 vdc, 
nei ou must check for 28 vde at K1 at DC CROSS TIE CONTACTOR 
If 28 vde is present check ground wiring.',nl,nl]). 


rule-14: if apu-sys-symptom = 

‘APU ON=GRD PWR/APU ON ilo. Zee eee Usm nn =Olm 

and 'APU DC BUS voltage' = 'no' 

and "DC CROSSATIE CONTACTORE O tage 

and 'ground wiring correct' 
then elect-prob-cause = 'APU DC CROSS TIE CONTACTOR defective'. 


whenfound('APU DC BUS voltage' = 'yes') = 
display (ni nia 
If you are sure that the voltage is 28 vdc, 
To i must check for 28 vde at XZ of BUS FAIL RELAY 
If 28 vde is present check ground wiring.',nl,n1]). 


question('DC CROSS TIE CONTACTOR voltage') = [nl,' 
Is the voltage 28 vdc at Xxl at the 
DC CROSS TIE CONTACTOR a 


legalvals('DC CROSS TIE CONTACTOR voltage') = ['yes','no']. 


question('ground wiring correct') = [' 
Is the ground wiring correct: ana 
legalvals('ground wiring correct') = ['yes','no']. 


rule-15: 1f apu-sys-symptom = 

'APU ON-GRD PWR/APU ON, No.2 DC BUS LT ON' 

and 'APU DC BUS voltage' = 'yes' 

and 'BUS FAIL RELAY voltage' 

and ‘ground wiring cornier) 
then elect-prob-cause = 'APU BUS FAIL RELAY defective’. 


question('BUS FAIL RELAY voltage!) = [' 
Is the voltage 28 vdc at X2 at the 
BUS FAIL RELAY?! nie 


legalvals('BUS FAIL RELAY voltage') = ['yes','no']. 


rule-16: 1f apu-sys-symptom = 

'APU ON-GRD PWR/APUÚ ON, No.2 DC BUS LT ON! 

and 'APU DC BUS voltage' = 'no' 

and not('DC CROSS TIE CONTACTOR voltage') 
then elect-prob-cause = 'APU DC CROSS TIE RELAY defective'. 
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pille E apu sys-Symptom = 
'APU ON-GRD PWR/APU ON, No.2 DC BUS LT ON! 
and 'APU DC BUS voltage' = 'yes' 
and not('BUS FAIL RELAY voltage') 
then elect-prob-cause = 'APU DC CROSS TIE RELAY defective’. 


ae oo APU: APU OPERATING GROUND PWR/APU ON BOTH 
DC BUS LIGHTS ON---------- A -- * | 


whenfound(apu-sys-symptom = 
o a Ground PWR/APU ON Both DC Lights ON') = 
ispla nal, al f 
Check for 28 vdc at the transformer rectifier relay terminal 
Pome ot tbl). 


question('trans rect relay voltage') = [nl,' 
Is the voltage at the transformer 
rectifier relay terminal A3 = 28 vdc?']. 


Legalvals('trans rect relay voltage') = ['yes','no']. 


whenfound('trans rect relay voltage' = 'yes') = 
Gispiay( int, ' l 
If you are sure that the voltage is 28 vdc, 
acorta TOLIK then. 
check the voltage of terminal A2 of relay 161K7.',nl,nl]). 


whenfound('trans rect relay voltage' = 'no') = 
Gisplay( (ni, ' 
Poor drewsure chat thes voltage 1s not 23 vde, 
fault T olite poraa, transformer rectifier, and 
Meerin. nl, nl-=). 
question('A2 voltage') = [nl,' 

Is the voltage at terminal A2 

or relay SUR] Correct? |]. 
legalvals('A2 voltage') = ['yes','no']. 
rule-18: if AS mp tom = 

'APU Operating Ground PWR/APU ON Both DC Lights ON' 
and 'trans rect relay voltage’ 
and 'A2 voltage' 

Evemeclect-prop=cause = = 

"Relay 161K7 in APU transformer rectifier defective’. 

rule-19: if apu-sys-symptom = 

'APU Operating Ground PWR/APU ON Both DC Lights ON' 


and not('trans rect relay voltage’ ae | 
then elect-prob-cause = 'APU transformer rectifier defective'. 


[ RAKKAKRRRRRKKKKK END OF APU ELECTRICAL MODULE RRKKKKKKKKKKKKAKKR | 
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PRERRAREARÍRARARARE UTILITY POWER SYSTEM ARERARAARAA RARA RARKE / 


goal = hydr-prob-cause. 


automaticmenu( ALL). 
enumeratedanswers(ALL). 


presupposition(util-pwr-sys-symptom) = 


major-system = 'hydraulic 

and hydraulic-sub-system = 'Utility Power System’. 
presupposition(util-press-ind-symptom) = 

major-system = 'hydraulic' 

gue hydraulic-sub-system = ‘utility pressure indicating 
systen'. 


question(util-pwr-sys-symptom) = [' 
What are the OS the problem?', nl]. 


legalvals(util-pwr-sys-symptom) = [ 
‘Handpump Operation Difficult and Ineffective C System)', 
'Handpump Operation Difficult and Ineffective AE System)', 
'Pressure Fluctuates Between 0 and 2500 psi After APU Starts 
'Accumulator Pressure Drops Off to Gas Precharge', 
'APU Starts But Does Not Accelerate -Runs 40-60% RPM', 
"Continuous UTIL HYD HOL Warning Cronte 
'Fan Does Not Operarcas 
EA] o 
‘Accumulator Gas Precharge Bileeds Orr’, 
'Low System Pressure -- Transmission Turning', 
"Power Supply Pressure micras resi 
APU Will NOt SEA 
Tas NOE Reece iy ii cae sess umes, 
‘Unable to Pressurize Accumulator With Handpump’ , 
‘Repeated Extension Of Filter Contaminat ton incieqiromeys 
'Hydraulic Chattering or High Frequency Vibrations in System'-. 


l 
' 


is UTILITY POWER SNS TEN SM LONE 
HANDPUMP OPERATION DIFFICULT AND INEFFECTIVE (FILLING 
SYSTEM) o eaa */ 


vhenfounetutiT A = E 
Honor TE oo T ifficult and Ineffective (Filling System)') = 
ispla 
mie eee check of this problem is: 


Check that the arrow on the check valve Rane ee toward the tee 
above the depressurizing valve.',nl,nl,nl]). 


ques tion(hand- ump-ck-valve) = [nl,' 
Which way is the arrow on the chec 
valve pointing: 


"towards tee" or "away from tee" 
above the depressurizing valve?']. 
legalvals(hand-pump-ck-valve) = ['towards tee','away from tee']. 


rule-1: 1f util-pur-sys cympcom = a 
'Handpump Operation Difficult and Ineffective (Filling System)' 
and hand-pump-ck-valve = 'away from tee! 
then hydr-prob-cause = 
'Check valve installed backwards in tee above 
depressurizing valve'. 


whenfound(hand-pump-ck-valve = 'towards tee') = 
display([nl,nl,' > , 
If you are sure that the check valve is installed properly in 


the tee above the depressurizing valve, then: 


check which way the arrow points on the check valve in the 
bottom filler: nik mi 


90 


ASS 2 1£ Util-pwr-sys-symptom = 
'Handpump Operation Difficult and Ineffective (Filling System)' 
and nand-pump-ck-valve = 'towards tee' 
and bottom-filler-ck-valve = 'towards filter' 
then hydr-prob-cause = 
'Check valve installed backwards in bottom of filler'. 


Guestion(bottom-filler-ck-valve) = [' 
which way is the arrow on the bottom 
filler cneck valve pointing: 


eona ds filter" Tor laway from tilter"?"]. 
legalvals(bottom-filler-ck-valve) = ['towards filter','away from filter']. 


whenfound(bottom-filler-ck-valve = 'away from filter') = 
display([nl,nl,'! 
If you are sure that the check valve is installed properly in 
the tee above the depressurizing valve, and 
If you are sure that the check valve is installed properly in 
the bottom filler, then: 


check which way that the arrow points on the check 

ea stas oue port of the return filtera ni ninl]: 
Dee nr until-pwr-sys-symptom = 

'Handpump Operation Difficult and Ineffective (Filling System)! 


and hand-pump-ck-valve = 'towards tee' 
and bottom-filler-ck-valve = ‘away from filter' 
and return-filter-ck-vaive = ‘towards filter' 


then hydr-prob-cause = 
'Check valve installed backwards in Out Port of Return Filter'. 
aea une Lcer-ch-valve) = [' 
hich way ls the arrow on the out port 
of return filter check valve pointing: 


ovo esiti teror "away from filter"?']. 


legalvals(return-filter-ck-valve) = ['towards filter', 
'away from filter']. 
whenfound(return-filter-ck-valve = 'away from filter') = 


display ((n1,n1,' Da 
Meeyou are sure tnat tie check valve is installed properly in 
Ene tee above the depressurizing valve, and : 
Tf you are sure that the check valve is installed properly in 
eae oottom filler, and ae 
if you are sure that the check valve is installed properly in 
the out port of the return filter, then: 


check the Depressurizing Valve.',nl,ni,nl]). 


rule-4: 1f e SS O cOn = o. 
'Handpump Operation Difficult and Ineffective (Filling System)' 


and hand-pump-ck-valve = 'towards tee' 

an Abortoa Mer Ck valve = away from filter’ 
and return-filter-ck-valve = 'away from filter' 
and depress-valve = 'bad' 


aaa lay (nin 
Replace tne Depressurizing Valve using 
A1-H46AE-450-000, section WP 028 00.',n1,n1]) 
then hydr-prob-cause = 'Faulty Depressurizing Valve'. 
See cnc os Valve) = [' 
s the depressurizing valve 
ood or "bad" 


or have you 
"already replaced" it?']. 


legalvals(depress-valve) = ['good','bad','already replaced']. 


on 


rule-5: if util- pwr- -sys synpt omis 
'Handpump Operation Difficult and Ineffective (Filling System) ! 


and hand-pump-ck-valve = ‘towards tee' 

and bottom-filler-ck-valve = ‘away from filter' 
and return-filter-ck-valve = ‘away from filter' 
and depress-valve = 'good 


or depress-valve ‘already replaced' 
and display([nl,nl,' 
IAS E SAS EEE DS ees eter Valve” 1S = goed! ar 
if replacing the Depressurizing Valve did not correct the 
problem, replace the Handpump using Al-H46AE-450-000, 
section WP 029 00 ye al) 

then hydr-prob-cause = 'Faulty Handpump'. 


O oe UTILITY PONER SYSTEMS MEMOS: 
SYSTEM. OPERATION DIFFICULT AND INEFFECTIVE in 


whenfound(util-pwr-sys-symptom = 
ES lon Difficult and Ineffective (Pressurizing System)') = 
ispla 
Teens check of this problem is: 


Check the check valves in the tee in the reservoir suction line 

at” station SILA 

Check the arrow at the side of the tee, and 

check the arrow on the valve at the bottom of the tee.',nl,nl,nlj). 


a =a. 
Which way are the arrows on the 
reservoir suction line check 
valves pointing?! ] 
legalvals(res-suct-line-ck-valve) = [ 
'side tee arrow - away from tee, and bottom tee arrow - towards tee' 
'side tee arrow - towards tee, and bottom tee arrow - away from tee']. 
rule-6: if util-pwr-sys-symptom = S 
'Handpump Operation Difficult and Ineffective (Pressurizing System) ' 
and res-suct-line-ck-valve = 
'side tee arrow - towards tee, and bottom tee arrow - away from tee' 
or res-suct-line-ck-valve = unknown 
then hydr-prob=cause = 
¡Check valves are installed backwards in tee in reservoir 
Suction line at station 533, WL 44'. 


whenfound(res-suct-line-ck-valve = 
'side tee arrow - away from tee, and bottom tee arrow - towards tee') = 
display([' | | 
If you are sure that the arrow at the side of the tee points 
AWAY from the tee, andethat the arrow on temal cia TEE 
bottom of the tee points TOWARDS the tee, then: 


Check for Air in the Utility Reservoir.',nl,nl,nl]). 
questiontair inun n aani 


Did you find air in the utility. 
reservoir?']. 
legalvals(air-in-util-res) = [{'yes','no']. 


rule-7: 1f util-pwr-sys-symptom = ai 
'Handpump Operation Difficult and Ineffective (Pressurizing System)' 
and res-suct-line-ck-valve = 
'side tee arrow - away _Erom tee sand bottom tee arrow boards col 
and air-in Util ras ammen 
and display riram 
Bleed the ga Reservoir using Al-H46AE-450-000, 
section WE. 013 00 An we , 
then hydr-prob-cause = 'Air in Utility Reservoir'. 
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whenfound(air-in-util-res = 'no') = 
display([' 
If you are sure that the check valves are properly installed in 
the tee at the reservoir suction line, an 
that there is no air in the utility reservoir, then: 
1. Disconnect the line between the isolation manifold and the 


package manifold. ; 
2. Cap the isolation manifold and plug line. 


3. Operate the handpump.',nl]). 


rule-8: if util-pwr-sys-symptom = e: 
'Handpump Operation Difficult and Ineffective (Pressurizing System)' 


and res-suct-line-ck-valve = 
'side tee arrow - away from tee, and bottom tee arrow - towards tee' 
aad air anm Util res = nos 
and hand-pump-ops = 'yes' 
and display({nl ni, ' 
If the hand pump operates properly, the package manifold is 
ail bye A y Al 
'Faulty Relief Valve in Package Manifold'. 


then hydr-prob-cause = 


question(hand-pump-ops) = [nl,' 
Does the hand pump operate properly?']. 


legalvals(hand-pump-ops) = ['yes','no']. 
whenfound(hand-pump-ops = 'no') = 
Aspar nin nl." 
ie Cee ie see crm a ves gre Deopelsy installed in 


Te Oare sure t 
the tee at the reservoir suction line, an 


that there is no air in the utility reservoir, and 
that the hand pump does not operate properly, then: 


Check the Depressurizing Valve, and 
Check the reservoir for external damage.', nl,nl,n1]). 


rule-9: 1f util-pwr-sys-symptom = 
'Handpump Operation Difficult and Ineffective (Pressurizing System)' 


and res-suct-line=ck-valve = 
'side tee arrow - away from tee, and bottom tee arrow - towards tee' 


anat an=utileres = 'no' 
and hand-pump-ops = 'no' 

and depress-valve = 'bad' 
and res-ext-damage = 'no' 


then hydr-prob-cause 'Faulty Depressurizing Valve'. 


eer: Uti l-owr-sys-symptom = m 
'Handpump Operation Difficult and Ineffective (Pressurizing System)' 


and res-suct-line-ck-valve = 
"side tee arrow - away from tee, and bottom tee arrow - towards tee' 
and air-in-util-res = 'no' 
and hand-pump-ops = 'no' 
and depress-valve = 'good' 
or depress-valve = 'already replaced! 
and res-ext-damage = 'no' 
anales seta ([nl,nl,' a 
If you are sure that the P aaye ToN good" Mor 
Ez la not correct the 


Poet cobadeing the Depressturizing Valve 
problem, replace the Handpump using Al-H46AE-450-000, 


section WP 87005 Mo 
then hydr-prob-cause = 'Faulty Handpump'. 
deon res ezt damage) = |! 
Seevere any evidence of damage 
On weme reservoir? ']. 
legalvals(res-ext-damage) = ['yes','no']. 
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rule-11: if util-pwr-sys-symptom = . 
'Handpump Operation Difficult and Ineffective (Pressurizing System) ' 
ana res=suct linea lens 
'side tee arrow - away from tee, and botlom tee arrow “towns stec 
and alr-in-util-res = 'no' 
and hand-pump-ops = 'no' 
and depress-valve 'good' 
or depress-valve 'already replaced! 
and res-ext-damage = ‘'yes' 
and display([nl,nl,' 
Replace the Reservoir using A1-H46AE-450-000, 
section WP 017 00.',nl,n1] 
then hydr-prob-cause = meee 
'Handpump Cavitation caused by Binding Piston in the Utility Reservoir'. 
[Fern UTILITY POWER SUSE nes METON E 


PRESSURE FLUCTUATES BETWEEN O AND 2500 PSI AFTER APU 
STARIS  . a ee en * / 


whenfound(util-pwr-sys-symptom = 
‘Pressure Fluctuates Between 0 and 2500 psi After APU Starts') = 
display({nl, ' 
The first check for this symptom is: 


Check the contamination indicator on system filters. 
If extended: | 
Examine contents of filter bowl for contamination caused 
py pump-motor failure.',nl,nl,nl]). 


ques Cre came a = [! 

s tne contamination iIndicatomeonern. 
system filters extended AND 

15 there evidence 9E contami Tacen 

in the filcer bowl?! |. 


legalvals(filter-contam) = ['yes','no']. 


rule-12: if util-pwr-sys-symptom = 
'Pressure Fluctuates Between 0 and 2500 psi After APU Starts' 
and filter-contam = 'yes' 
and display([nl ni," 
Replace APU Pump-Motor, and 
Flush the lines using A1-H46AE-450-000, 
section WP 019 00.7 T Eni 
then hydr-prob-cause = 'Faulty APU Pump-Motor'. 


whenfound(filter-contam = 'no') = 
display (ney lee 
TE en are troubleshooting: 
"Pressure Fluctuates Between 0 and 2500 psi After APU Starts" 


If you are sure that the system is not contaminated, 
then the next troubleshooting procedure you perform lis: 


Pressurize the system with a teststand. 
Note whether the system holds pressure or not. 


If you are troubleshooting: 
"APU Starts But Does Not Accelerate (Runs At About 40-60% RPM)" 


If you are sure that the main engine is NOT cranking 
uring APU start, dn@erhe Accumulator aiueciange vance 
hydraulic pressure are good, and the APU pump-motor is not 
cavitating, an 
the APU pump-motor is not contaminated, 
then the next check for this symptom is: 


1. Connect a 3000 psi gauge to the case drain port. 

AS SNS CÓN 

3. During motor mode, pressure Ghouldmneusesecedgzod Bole 

4. During pumping mode, pressure should not exceed 150 psi.',nl,nl]). 


question(util-sys-press) = f 
Does the Utility System NodEpre cure KNE 
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legalvals(util-sys-press) = ['yes','no']. 
rule-13: if util-pwr-sys-symptom = 
Pe Gecoure e uates Between 0 and 2500 psi After APU Starts' 
and filter-contam = 'no' 
and util-sys-press = 'no' 
and display([nl,nl,' 
Since the system did not hold pressure, you must now: 


troubleshoot the flight control hydraulic system using 
oa E CU A000O section we Old) 00. nl nie] ) 
then hydr-prob-cause = 'Pressure Leak in No.2 Flight Control System'. 


whenfound(util-sys-press = 'yes') = 
display([nl,ni," 
me oU are sure that: 
the system is not contaminated, and 
the system does hold pressure, 
then the next troubleshooting procedure you perform is: 


io) Fressurize the accumulacor with the handpump: 
Zoe Ceo eee EAS stem malatatis pressure mor 
if the system drops off to air precharge pressure.',nl,nl]). 


question(accum-press) = r 
Does the Accumulator "hold" pressure, 
Ommcoes 22 "drop off" to air 
precharge pressure?'!] 
legalvals(accum-press) = ['hold','drop off']. 
rule-14: if util-pwr-sys-symptom = 
Eeee e ates Between 0 and 2500 psi After APU Starts' 
and filter-contam = 'no' 
and util-svs-press = 'yes' 
and accum-press = 'drop off! 
aucleaisplay({nl,ni, | ; 
IT ou are sure that the Accumulator did not hold pressure - 
enere was a pressure “drop off", you must now: 


Restart the consultation to troubleshoot as directed in the 


symptom: 
"Accumulator Pressure Drops Off To Gas Precharge.',nl,nl,nl]) 
then hydr-prob-cause = 'Leakage through a Utility System Component’. 


eee ee ees = 'hold') = 
aieplay( [nl ni.’ 
If you are troubleshooting: 
"Pressure Fluctuates Between 0 and 2500 psi After APU Starts’ 
ame you lare sure that: m 
the system 1s not contaminated, and 
the system does hold pressure, and 
ere aceumulator does hold pressure, 
Beetmecne text troubleshooting brocediire Sou perform is: 
Peel tscounecn, the ine trom heene laef valve. 
2. Cap off the valve and plug line. 
Opera ES che APU. 
Gheck if the Utility System pressure fluctuates, or not. 


AX DISREGARD THIS PROCEDURE IF TROUBLESHOOTING ** 
"Accumulator Pressure Drops Off To Gas Precharge.',nl,nl]). 


Guesulon Util—sys=press-fluct) = [' Does the 
Utility System Pressure fluctuate?']. 

legalvals(util-svs-press-fluct) = [{'yes','no']. 
rule-15: if utii-pwr-sys-symptom = . 

e eeocune se ucrlactes Be tyeens0™ and) 2500) psi Arter APU Starts! 

and filter-contam = 'no' 

and util-sys-press = e 

and accum-press = 'hola' 


Anc sys-press=tluect = 'no' 
Coone pron Cause < "Faulty High Pressure Relief Valve’. 
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display([nl, 
If you are sure that: 
the system is not contaminated, and 
the system does hold pressure, and 
the accumulator does hold pressure marng 
ae Oey System pressure is fluctuating when you operated 
Car un 
then the next o eee you perform 1s: 
l. Disconnect the return line from the package manifold. 
2. Cap cff the manifold plug line. 
3. Operate c neTAPUF 
Check 1f the Utility System pressure fluctuates, or not.',nl,nl1]). 


question(second-ck-util-sys-press-fluct) = [' 
Does the Utility System Pressure 
fluctuate?']. 
legalvals(second-ck-util-sys-press-fluct) = ['yes','no']. 
rule-16: if util-pwr-sys-symptom = 

'Pressure Fluctuates Between 0 and 2500 psi After APU Starts! 


whenfound(util-sys-press-fluct = 'yes') = 


and filter-contam = 'no' 

and util-sys-press = oa 

and accum-press = 'hola' 

and util-sys-press-fluct = 'yes' 

and second-ck-util-sys-press-fluct = 'no' 


then hydr-prob-cause = 'Faulty Relief Valve in Package Manifold'. 


rule-17: if util-pwr-sys-symptom = . 
'Pressure Fluctuates Between 0 and 2500 psi After APU Starts' 
and filter-contam = 'no' 


and utli-sys-press = ee 

and accum-press = 'hold' 

and util-sys-press-fluct = 'yes' 

and second-ck-util-sys-press-fluct = 'yes' 


and disp Tas (mEnE , 
Sorry, this situation is beyond the scope of this program. ',nl,nl,nl]) 
then hydr-prob-cause = 'UNKNOWN - NOT PROGRAMMED YET’. 


[*---------- UTILITY POWER SYSTEM SYMPTOMS: 
ACCUMULATOR PRESSURE DROPS OFF TO GAS PRECHARGE ------ */ 


whenfound(util-pwr-sys-symptom = 
‘Accumulator Pressure Drops Off to Gas Precharge') = 
display([nl,' 
The first check for this symptom 1s: 


Check the pressure-operated valve for leakage.',nl,nl,nl]). 


gues tion (press: Opava eras = [t 
s the pressure-operated valve leaking?']. 


legalvals(press-op-valve-leak) = ['yes','no']. 


rule-18: if util-pwr-sys-symptom = 
'Accumulator Pressure Drops Off to Gas Precharge' 
and press-op=valve CANES: 
and display([nl,nl,' : 
Revlace Pressure-Operated Valve using Al-H46AE-450-000, 
section WP 026 00." Mi 


then hydr-prob-cause = 'Faulty Pressure-Operated Valve'. 
whenfound(press-op-valve-leak = 'no') = 
aaa 


If you are sure that the Pressure-Operated Valve is NOT 
leaking, then the next check for this symptom is: 


1. Disconnect APU pressure line quick disconnects. 
2. Pressurize the accumulator. 
3. Check for accumulator pressure drop.',nl,nl,nlj). 
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rule-19: if util-pwr-sys-symptom = 
'Accumulator Pressure Drops Off to Gas Precharge' 
and press-op-valve-leak = 'no' 
and accum-press = 'hold' 
anat > plan aint. 
Replace Pressure-Operated Valve using Al-H46AE-450-000, 
section WP 021 00.', nl,nl1]) 
then hydr-prob-cause = 'Faulty Pressure-Operated Valve'. 


whenfound(accum-press = 'drop off') = 
aisla y([ni,nl,' 
If you are troubleshooting: 
vaccumulator Pressure Drops Off to Gas Precharge" 
and 1f you are sure that: 
the Pressure-Operated Valve does not leak, and 
that the accumulator pressure does "drop off", 
the next troubleshooting procedure is: 


l. Remove the line to the manifold valve AUX PRESS port. 
a CAD IRM MOCON 

e re ssurize the accumulator. 

A Checo taccimulator pressure "drop off" or “hold".',nl,nl]). 


rule-20: if util-pwr-sys-symptom = 
‘Accumulator Pressure Drops Off to Gas Precharge! 


Gaceeucss-Op-Valve-leak = 'no' 
an Eeen pressis "drop. off' 
and ramp-manifold-accum-press-ck = 'hold' 


and display([nl,nl,' 
Replace Ramp and Door Control Manifold Valve using A1-H46AE-110-000, 
soemlon We DIS 00.' ,n1,n1 

then hycr-prob-cause = 'Faulty Ramp and Door Control Manifold Valve'. 


question(ramp-manifold-accum-press-ck) = [' 
Deecsmene acclmulator "hold" or “drop off" 
pressure?']. 


legalvals(ramp-manifold-accum-press-ck) = ['hold','drop off']. 


ee eon Gat ara “eCcum-pre see cle = 'drop off') = 
Gusotay (ini ni, | 
If you are sure that: 
the the Pressure-Operated Valve is not leaking, and 
tne accumulator does hold pressure for the first check, and 
the accumulator "drops off" pressure in the second check, 
then the next troubleshooting procedure you perform is: 


Check for APU Pump-Motor motoring with start switch OFF.',nl,nl]). 


rule-21: if util-pwr-sys-symptom = 
‘Accumulator Pressure Drops Off to Gas Precharge' 


and press-op-valive-leak = 'no' 

and accum-press = 'drop off' 

aña ramp-manitold=aceum-press-ck = 'drop off! 
and apu-motoring = 'yes' 


and Gisplay([nl,nl,' 
Replace Solenoid Operated Shutoff Valve using Al-H46AE-450-000, 


E ron WE O21 00.' ,ni nl 
then hydr-prob-cause = 'Faulty Solenoid Operated Shutoff (Pilot) Valve’. 


question(apu-motoring) = [' 
Does the APU motor with the start 
switch OFF?!']. 


legalvals(apu-motoring) = ['yes','no']. 


I 


whenfound(apu-motoring = 'no') = 
display Ini niy 
If you are sure that: 
the the Pressure-Operated Valve is not leaking, and 
the accumulator does hold pressure for the first check, and 
the accumulator "dreps off" pressure in the second check, 
and the APU does not motor when the start switch is OFF, 
then the next troubleshooting procedure you perform is: 


Check for the pressure to drop off when depressurizing valve 
is set tO FULL. | Nin iD: 

rule-22: 1f util-pwr-sys-symptom = 
'Accumulator Pressure Drops Off to Gas Precharge' 


and press-op-valve-leak = 'no' 

and accum-press = 'drop oft' 

and ramp-manifold-accum-press-ck = 'drop off! 
and apu-motoring = 'no' 

and depress-valve-press-drop = 'drop off' 


and display([n1,n1 
Replace Controllable Check Valve using A1-H46AE-450-000, 
section We O22. 00) nl aa) 

then hydr-prob-cause = 'Faulty Controllable Check Valve'. 


question (depress-valve-press-drop) = i 
Does the pressure IDOLA on a 
when the depressurizing valve is set 


to FULL?! ] 
legalvals(depress-valve-press-drop) = ['hold','drop off']. 
whenfound(depress-valve-press-drop = 'hold') = 


display( (nl, 
If you are sure that: 
the the Pressure-Operated Valve is not leaking, and 
the accumulator does hold pressure for the first check, and 
the accumulator "drops off" pressure in the second check, 
and the APU does not motor when the start switch is OFF, and 
oe resani "holds" when the depressurizing valve is set 
to ; 
then the next troubleshooting procedure you perform is: 
Disconnect line from shuttle valve to top cross between 
high pressure relief valve and pressure line filter. 
2. Cap the valve. 
3. Pilugeline: 
4. Pressurize the Accumulator. 
Check for Accumulator pressure drop.',nl,nl]). 


rule-23: if util-pwr-sys-symptom = 
‘Accumulator Pressure Drops Off to Gas Precharge' 
and press-op-valve-leak = 'no' 
and accum-press = 'drop off' 
and ramp-manifold-accum-press-ck = ‘drop off' 
and apu-motoring = 'no' 
and depress-valve-press-drop = 'hold' 
and shuttle-valve-accum-press-ck = 'drop off' 
and display [ni ais 
Replace Shuttle Valve usin A1-H46AE-450-000, 
section WP 018 007 Pu 
then hydr-prob-cause = 'Faulty Controllable Check Valve'. 


question(shuttle-valve-accum-press-ck) = [' 
Does the accumulator pressure 
"holder "drop off" sale 


legalvals(shuttle-valve-accum-press-ck) = ['hold','drop off']. 


Fora UTILITY POWER SYSTEM SYMPTOM: 


APU STARTS BUT DOES NOT ACCELERATE (RUNS AT ABOUT 
40 TO 60% RPM ---- */ 


whenfound(util-pwr-sys-symptom = 
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'APU Starts But Does Not Accelerate -Runs 40-60% RPM!) = 
display([nl,' 
The first check for this symptom is: 


Mare ne Ng Tachometer for engine cranking during APU start. 
A OU le 1S von +) Engine, setro SELECT switch to ENG +1. 
Check to see if the main engine cranks.',nl,nl,nl]). 


o a ong) = [' 
s the Engine Cranking during 
Aus tarto"]. 

legalvals(engine-cranking) = ['yes','no']. 


rūľe-32: if util-pwr-sys-symptom = 
'APU Starts But Does Not Accelerate -Runs 40-60% RPM' 
and engine-cranking = 'yes!' 
and display([nl,nl,' 
Replace tne main engine start valve using Al-H46AE-220-000, 
section WP 075 A 
then hydr-prob-cause = 'Faulty Main Engine Start Valve'. 


no gine” eranking = 'no') = 
display([nl,' 
Lf you are sure that the main engine is NOT cranking during APU 
start, the next check for this symptom ls: 


Check the Accumulator air charge and hydraulic 
Pressure", n1,n1]). 


question(accum-air-chrg-hydr-pres) = [' 
Is the Accumulator Air charge or the 
Evdraulic Pressure Low?']. 
legaivals(accum-air-chrg-hydr-pres) = ['yes','no']. 
rule-33: if util-pwr-sys-symptom = 
'APU Starts But Does Not Accelerate -Runs 40-60% RPM' 
ccmeng 2e-cranking = ‘no' 
ana accum-air-cnhrg-hydr-pres = 'yes' 
and o AN 
Punom he Hydraulic Pressure. 
Check the gauge for proper alr charge. 
Recharge as necessary. 
Handpump the accumulator to 3000 psi. Use Al-H46AE-450-000, 
section WP 013 00.',nl,n1]) 
then nyar=prob=cause = 
Feeunultacor Ate Charge or Hydraulic Pressure is low'. 
whenfound(accum-air-chrg-hydr-pres = 'no') = 
display([nl,' 
If you are sure that the main engine is NOT cranking during APU 
start, and 
the Accumulator air charge and hydraulic pressure are good, 
then the next check for this symptom is: 


Check for the APU pump-motor cavitating and chattering during 
APU eave enn). 

Smee abu acavitating) = [' 

s the APU cavitating and chattering 

during start?'] 

legalvals(apu-cavitating) = ['yes','no']. 

rule-34: if util-pwr-sys-symptom = 
‘APU Starts But Does Not Accelerate -Runs 40-60% RPM' 


and engine-cranking = 'no' 
eae accum—dair-chrgehydrepres = ‘no! 
and apu-cavitating = ‘'yes' 


and A E p) 
Bleed alr from svstem using Al-H46AE-450-000, 
section WP 013 do 

then hydr-prob-cause = 'Air in System'. 


whenfound(apu-cavitating = 'no') = 
display({nl,' 
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If you are sure that the main engine is NOT cranking during APU 
start anana 

the Accumulator air ade and hydraulic pressure are good, and 
the APU pump-motor is not cavitating, 

then the next check for this symptom is: 


Inspect the contamination indicators On Systenmuilcerc 
If extended, examine contents of filter Dov Mr neee a 
caused by APU pump-motor failure.',nl,nl]). 


rule-35: if util-pwr-sys-symptom = 
'APU Starts But Does Not Accelerate -Runs 40-60% RPM! 


and engine-cranking = 'no' 

and accum-alr-chrq-nydn-presm— ice 
and apu-cavitating = 'no' 

and filter-contam = 'yes' 

and Co ae 

Replace AP 


section WP 013 AT 
then hydr-prob-cause = 'Faulty APU pump-motor'. 


rule-36: if util-pwr-sys-symptom = 
‘APU Starts But Does Not Accelerate -Runs 40-60% RPM' 
and engine-cranking = 'no' 
and accumzair-chrog-hyd: pre SO 
and apu-cavitating = 'no 
and filter-contam = 'no' 
and pump-motor-press = 'yes! 
and aoe oes | 
Replace AP punp ee Flush lines using Al-H46AE-450-000, 
section WP 013 oe oan 
then hydr-prob-cause = 'Faulty APU) pump-motor'". 


question(pump-motor-press) = [' 
Are pressures CxXeesct/ eine meget ene 
motor mode, or pumping mode?']. 


legalvals(pump-motor-press) = ['yes','no']. 


whenfound( SS = Ino!) = 
display(in a | 
If you are sure that the main engine is NOT cranking during APU 
start, and 
the Accúmularor art SEILE and hydraulic pressure are good, and 
the APU pump-motor is not cavitating, 
the APU is not contaminated, and 
ie pump mode and motor mode pressures are not excessive, 
tnen: 
O the APU using Al-H46AE-400-000, section WP 


ees you have done that the next check for the Utility Power 
stem IS: 
oe Disconnect the line from the aft end of High Pressure 
Relief Valve. 

22 lg, nes at 

3. Cap the valve fitting. 

4. Operate the REUN 

5. Check for APU acceleration. ana 


as CESE Flush lines using Al-H46AE-450-000, 
O 


question(apu-accel) = [' 
Does the APU accelerate?']. 
legalvals(apu-accel) = ['yes','no']. 


rule-37: if util-pwr-sys-symptom = 
'APU Starts But Does Not Accelerate -Runs 40-60% RPM! 
and €ngine-crankingess. men 
and accum-alr-chrg-liy Gee nec. — manor 
and apu=-cavitating igo 
and filter-contam = 'no! 
and pump-motor-press = 'no' 
and apu-accel = ea 
and display({nl,nl,' 
Replace High Pressure Relif Valve using Al-H46AE-450-000, 
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eecuton NP. 031 00,* ,n1,n1]) 
then hydr-prob-cause = 'High Pressure Relief Valve Leaking'. 
whenfound(apu-accei = 'no') = 
atoelay( [nl, | 
If you are sure that the main engine is NOT cranking during APU 
start, and 
the Accumulator air charge and hydraulic pressure are good, and 
the APU pump-motor is not cavitating, 
the APU is not contaminated, and 
the pump mode and motor mode pressures are not excessive, and 
you nave troubleshot the APU, and 
the APU does not accelerate, then: 


e ine from the art end of the manifold. 
2a Lug “laine. 


Beeecape ene Manifold port Fitting. 
Sea opetare the APU: , 
A acc kito; ARUÚU acceleration.',n1,n1]). 
rule-38: 1f util-pwr-sys-symptom = 
'APU Starts But Does Not Accelerate -Runs 40-60% RPM! 


and engine-cranking = 'no' 
preeaccum-air-chrg-hydr-pres = 'no' 
and apu-cavitating = 'no 

and filter-contam = 'no' 

and pump-motor-press = 'no' 

and apu-accel = 'no' 

and man-apu-accel = 'yes' 


ana display([nl,nl,' 

replace antro La eng Al-H46AE-450-000, 

Sec Con WE 00500.” ,n£,nl]. 
then hydr-prob-cause = 'Utility System Package Manifold Leaking'. 
question(man-apu-accel) = [' 

Does the APU accelerate?']. 


legalvals(man-apu-accel) = ['yes','no']. 


rule-39: if util-pwr-sys-symptom = 
'APU Starts But Does Not Accelerate -Runs 40-60% RPM' 
and engine-cranking = 'no' 


Acc un ate =cnrg+hydr=pres = 'no' 
and apu-cavitating = 'no' 
Sieeelrlter-contam = ‘no! 

and pump-motor-press = 'no' 

and apu-accel = 'no' 

and man-apu-accel = 'no' 


and display([n1,n1,' | 
Sorry, this situation is beyond the scope of this program.',nl,nl-) 
Prenda -=prob-=cause = 'UNKNOWN - NOT PROGRAHMED YET’. 


[*¥----------- UTILITY POWER SYSTEM SYMPTOM: 
CONTINUOUS UTIL HYD HOT WARNING LIGHT ---- */ 


whenfound(util-pwr-sys-s tom = 
‘Continuous UTIL HYD ao Light') = 
display([nl,' | | 
The first check for this symptom is: 
Perform functional test of thermal switch, using 
A1-H46AE-450-000, section WP 024 00, para. 10.',nl,nl,nl]). 
a EDS Mm Swatch) =[{' 
s the Thermal Switch operating 
properly?']. 
legalvals(therm-switch) = ['yes','no']. 
rules 202 1£ A oye Syme Ot = 
Cone nuus UTIL HYD HOT Warning Light ' 
and therm-switch = 'no 
then hydr-prob-cause = 'Faulty Thermal Switch’. 
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whenfound(therm-switch = 'yes') = 

display([nl,' 
If you are sure that the Thermal Switch 1s operating proponen 
the next check for this symptom lis: 


Abort this consultation (Ctrl-A and "yes"), and start again 
selecting the trouble symptom: 


"Fluid Overheating" and troubleshoot as directed.',nl,nl]). 


rule-41: if util-pwr-s Sao neon = 
‘Continuous UTTE*AYD HOt Wanna” Lagat: 
and therm-switch = es! 


then hydr-prob-cause = 'Fluid overheating’. 
ES" UTILITY PONER SYSTEM SYMPTOM: 
FAN DOES NOT OPERATE E 


whenfound(util-pwr-sys-symptom = 
Tan Oe Smit Operatet) = 
display([nl,' 
The first check for this symptom is: 


Check UT HYD SYS BLO, circuit breakers tome C E cme 
pins A, B, and Cof ose 


O uae = [! 

s there ilS vacon pinsi B e 
of the Utility Hydraulic System 
Blower? "|: 


iegalvals(blower-cb) = ['C/Bs are out','Yes, but no fan', 
'No voltage present']. 


rule-42: if util-pwr-sys-symptom = 

'Fan Does Not Operate' 

and blower-cb = 'C/Bs are out' 

ane atop Lay MoT . 

Reset the Ul HYD SYS BLO@Mcawcuit Diedkenms ee aa 
then hydr-prob-cause = 'No AC electrical power - Circuit Breakers Out’. 


rule-43: if util-pwr-sys-symptom = 

‘Fan DeGs Not Operate. 

and blower-cb = 'No voltage present' 

and display([nl,' | 

Repair or replace the pireng EEN 

Al-E46AE-420-000, section WP? 009 00.',nl,nl]) 
then hydr-prob-cause = 'Faulty Wiring’. 
rule-44:; if util-pwr-sys-symptom = 

‘ran Does Not Operate’ 

and blower-cb = 'Yes, but no fan' 

anat pla ae 

Replace ene an Usinge 

A1-H46AE-420-000, section WP 024 00.',nl,n1l]) 
then hydr-prob-cause = 'Faulty Fan'. 


[a UTILITY POWER SYSTEM SYMPTOM: 
FLUID OVERHEATING 2 


whenfound(util-pwr-sys-symptom = 
'Fluid Overheating') = 
display. 
The first thing to do is abort this consultation Ct AF DAE 
and restart the consultacion cheese ng the symptom: 
"Fan Does Not Operate" and troubleshoot as directed. 


The next check after you have troubleshot the above symptom is: 
Inspect the cooler for obstructions. '7 nl) mien) 
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question(cooler-obstr) = [' 

are there any obstructions in the 
cooler, like rags, tools, dead 
bugeeards?' |. 


legalvals(cooler-obstr) = ['yes','no']. 


rule-45: if util-pwr-sys-symptom = 
'rluid Overheating' 
ama cooler-obstr = 'yes! 
then hydr-prob-cause = 'Cooler Air Intake Clogged'. 


rule-46: 1f util-pwr-sys-symptom = 
'Fluid Overheating' 
encecooler=opstr = 'no' 
and line-chatter = 'yes' 
and display([nl,nl,' 
peecemsyorem at the cooler bleed lug and reservoir bleed plug using 
A1-H46AE-450-000, section WP 013 00.',n1l,n1]) 

then nydr-prob-cause = 'Air Locked in Cooler'. 


eee ine chatter) = [! 
non near any “line chatter! 
when the system ls operating?']. 


legalvals(line-chatter) = ['yes','no']. 
wnenfound(line-chatter = 'no!) = 


displav([nl,' 
IN oo tre cat Ene Fan IS ORT and 
there are not obstructions in the Cooler Air Intake, and 


there is no line chatter, then: 


Check for esca Lube rise from pressure to return lines of 
suspected leaking components if internal pea de 1s not 
audible. The system must be pressurized to 3000 psi for 
Ehasmeneck.’ ¿milenl] 


rule-47: if util-pwr-sys-symptom = 
'Fluid Overheating! 


and cooler-obstr = 'no' 
and line-chatter = 'no' 
and internal-sys-temp = 'yes' 
then hydr-prob-cause = 'Internal System Leakage'. 


question(internal-sys-temp) = [' 
Is there a temperature rise from the 
pressure to the return lines of the 
suspected leaking components?']. 


legalvals(internal-sys-temp) = ['yes','no']. 


whenfound(internal-sys-temp = 'no') = 
gasolay( (nl, ' . 
If you are sure that the Fan is OK, and 
there are not obstructions in the Cooler Air Intake, and 
there is no line chatter, and 
there 1s no temperature rise from the pressure to return lines, then: 


Check the reservoir piston rod for actual volume of fluid 
e tanks ioni, nulo. 


rule-48: if util-pwr-sys-symptom = 
“Fluid Overheating' 
and cooler-obstr = 'no' 
and line-chatter = 'no' 
and internal-sys-temp = 'no' 
ia res-£lula-1y1 = "low! | 

then hydr-prob-cause = ‘Low Fluid Level'. 

question(res-fluid-1v1) = [' 

Mais tre fluid level ln the 

reservoir?']. 

legalvals(res-fluid-lvl) = ['normal','low']. 

rule-49: if util-pwr-sys-symptom = 
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'Fluid Overheating' 


and cooler-obstr = 'no' 
and line-chatter = 'no' 
and internal-sys-temp = 'no' 
and res-fluid-lvl = 'normal' 


and display( jail a | 
Sorry, this Situarionmissoeyond tie scope OÉNENYS program. ',nl,nl]) 
then hydr-prob-cause = 'UNKNOWN - NOT PROGRAMMED YET’. 


Per UTILITY POWER SYSTEM SYMPTOM: 
ACCUMULATOR GAS PRECHARGE BLEEDS OFF ---- */ 


whenfound(util-pwr-sys-symptom = 
‘Accumulator Gas Precharge Bleeds Off!) = 
display([nl,' . 
The first check of this symptom is: 


ERR a mild soap and water solution to fittings. 
Watch for bubbles indicating leakage.',nl,nl,nI]). 


question(fittings-bubbles) = [' 
Are there any Dubblesiforming 
around the fittings?'I. 


legalvals(fittings-bubbles) = ['yes','no']. 


rule-50: if util-pwr-sys-symptom = 
‘Accumulator Gas Precharge Bleeds Off' 
and fittings-bpuseves =" —yes 
and dis za aala l R 
Lubricate a MEmalE een (sounds erotic, huh?). Use antiseize 
compound. Torque all fittings and line using Al-H46AE-GAI-000, 
section WP G03 OTT n Pruis . a 
then hydr-prob-cause = 'Leakage Through Line or Component Fittings’. 
whenfound(fittings-bubbles = 'no') = 
disp lay Cit | or 
Iz you are sure that no bubbles formed arcundiany Torm eN- S TARE 
then the next check is: 


Test the accumulator using Al-H46AE-450-000, section WP 049 00. 


de oes 
question(accum-test) = [' 
Did the Accumulator test) “good” 
or “Dada: 


legalvals(accum-test) = ['good','bad']. 


rule-51: if ue P A tom = 
'Accumulator Gas Precharge Bleeds Off' 


and fittings-bubbles = 'no' 

and accum-test = 'bad' 

and CPI inet 
Repair or Replace the Accumulator usin 


g 
Al-H46AE-450-000, section WP 023 00.' ,nl,nl]) 
then hydr-prob-cause = 'Accumulator Leaks Internally'. 


rule-52: if util Pr tom = 

‘Accumulator Gas Précnarge Bleeds Off' 

and fittings-bubbles = 'no' 

and accum-test = 'good' 

and display([nl,nl,' | 

Sorry, this situation is beyond the scope of this program. ',nl,nl]) 
then hydr-prob-cause = 'UNKNOWN - NOT PROGRAMMED YET’. 


[Ferran UTILITY POWER SYSTEM SYMPTOM: 
LOW SYSTEM PRESSURE -- TRANSMISSION TURNING cone */ 
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whenfound(util-pwr-sys-symptom = . 
"Low System Pressure -- Transmission Turning') = 
display([nl,' 
Mie first check of this symptom Is: 


nec ene valve polnter for correct position.',nl,nl,nl]). 


question(valve-pointer) = [' 

AE Ss e pOsSItron of the 

Depressurizing valve pointer: 
"NORM" or "FILL"?! i 


legalvals(valve-pointer) = ['normal','fi11']. 


ETT SS 
'Low eas Mes sure Transmission Turning’ 


md valve=pommter = 'f111l' 

and display([nl,nl,' 

ama ento NORM"." ni.nil).. 
then hyar-prob-cause = 'Depressurizing Valve not Turned to NORM'. 
whenfound(valve-pointer = 'normal') = 


display([nl,' 
ire enOuD eshootaing the symptom: 
"Low System Pressure -- Transmission Turning", then 
MO eS SENSE che Valve pomter is in the NORM position, then 
the next check of this symptom is: 


Check system pressure at the accumulator pressure gauge or with a 
a caang Bae = ube gauge - Figs. 1 and 2, A1-H46AE-450-000, 
section WP 00 DI Do 


if you are troubleshooting the symptom: 
"Unable to Pressurize Accumulator With Handpump, then 
the next check is: 


Va) Energize the asolation manzfold. 

2. Pressurize system. . . 

3. Check for whether pressure can be maintained.',nl,nl,nl]j). 
question(sys-press) = ÍA 
What 1s the direct-reading gauge 
pressure?! ] 
legalvals(sys-press) = ['3000 psi','Below 3000 psi']. 
rule-54: 1£ util-pwr-sys-symptom = 


'Low So Pressure -- Transmission Turning' 

and valve-pointer = 'normal' 

and a OOO 

and Beek ay plim 

IS entered SUI BS whiten means that the system prassuge 


Icod IDU the indicator 1s not indicating the pressure properly. 
mele Nooti tne pressure indicating system.',nl,nl] 
then hydr-prob-cause = 'Faulty Pressure Transmitter or Indicator'. 


whenfound(sys-press = 'Below 3000 psi') = 
display([nl,' P o 
Io Uta re Sure pnatrene” valvenpolnter 1s YB the NORM position, and 
A direct-reading pressure on the Accumulator is above or below 
00 psi, 
tnen the next check of this symptom 1s: 


Inspect the pao for blackening of metal plates, discoloration 
Saeco Oh melting of cadmium pleting.' ,nl,nl,nl-). 
question(pump) = [' 
Are an oF T above symptoms 
prasent on the pump?']. 
legalvals(pump) = ['yes','no']. 


rule- Li uel per-sys-symp ton = 
' Low System osure a ransmissIion Turning ' 
and valve-pointer = 'normal' 
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and sys-press = 'Below 3000 psi' 
and pump = 'yes' 
and display([nl,nl,' 
Overneating is evident, replace pump.',nl,nl]) 
then hydr-prob-cause = 'Low Pump Output Pressure’. 
whenfound(pump = 'no!') = 
display(inl,' 
If you are sure that the valve pointer is in the NORM position, and 
the direct-reading pressure on the Accumulator is above or below 
3000 psi, and 
there is no evidence of the pump overheating, 
then the next check of this symptom is: 


Pressurize the system to 3000 psi, using a teststand.',nl,nl,nl]). 


A ES) = [' 
s 3000 psi maintained, or does the 
pressure bleed off?'] 


legalvals(teststand-press) = ['3000 psi Maintained','Bleed Off']. 
rule-56: if util-pwr-sys-symptom = 


'Low System Pressure -- Transmission Turning' 
and Valve=poln te ga O A 

and sys-press = 'Below 3000 ps1' 

and pump = 'no' 

anc bes cs Cal mee = '3000 psi Maintained! 
and display([nl,nl,' 


if the pressure is maintained at 3000 psi, replace the pump.',nl,nl]) 
then hydr-prob-cause = 'Low Pump Output Pressure’. 


whenfound(teststand-press = 'Bleed Off') = 

display({nl,' to E 
If you are sure that the valve pointer is in thie NORM Position and 
the direct-reading pressure on the Accumulator is above or below 
3000 psi, and . 
there is no evidence of the pump overheating, and 
che teste tana puecclhemetecccmomr: 
then the next check of this symptom is: 


Check the pressure with a direct=-reading gauge Insta ecm aan 
Figs. 1 and 2, Al-H46AE-450-000, section WP 008 00, p. 16.',nI,nl,nl]). 

LL A REESS = [' 

nat does the direct =reaqdingecalde 

indicate?'] 

legalvals(dir-rdg-press) = ['High Pressure','Low Pressure', 
'Normal','Fluctuating Pressure']. 


rule-57: 1f util-pwr-sys-symptom = 


'Low System Pressure -- Transmission Turning' 
and valve-pointer = 'normal' 

and sys-press = 'Below 3000 psi' 

and pump = mimo: 

and teststand-press = 'Bleed Off' 

and dir-rdg-press = 'Low Pressure' 

and Il 


If the pressure indicated is low, replace the manifold.' nl,n1]) 
then hydr-prob-cause = 'Faulty Manifold Pressure Relief Valve'. 


rule-58: if util-pwr-sys-symptom = 
Low Secon Pressure -- Transmission Turning' 
and valve-pointer = 'normal' | 
and sys-press = 'Below 3000 ps1' 
and pump = 'no' 
and teststanaspreso lo i 
and dir-rdg-press 'High Pressure' 
or dir-rdg-press 'Normal' | 
or dir-rdg=press Elvetuating Pres aubel 
and display (nin! , 
If the pressure indicates High, Normal, or Fluctuating, 
then troubleshoot 
the Indicating System, or troubleshoot the symptom: 
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rover Supply Pressure Fluctuates".' nl,nl]) 
then hydr-prob-cause = 'CHECK ANOTHER SYMPTOM'. 


A 2 O TELIY PONER SY1STIEMOSMIAETON: 
POVAR SUPPLY PRESSURE FLUCTUATES eT a | 


A O tom = 
'Power Supply Pressure Fluctuates') = 
display([n1, ' 
The first cneck of this symptom is: 


Abort (Crtl-A and "yes") this consultation, and re-boot choosing 
SUG y Pressure Mdadicating Systems to 
Troubleshoot the Pressure Indicating System. 


After troubleshooting the Indicating System: 
Install a pressure gangs using Figs. 1 and 2, Al-H46AE-450-000, 
SS LION PROS U0, p. 16.' ,n1,n1,nl1]). 


rule-59: if util-pwr-sys-symptom = 
'Power Supply Pressure uctuates' 
and dir-rdg-press = 'Fluctuating Pressure' 
then hydr-prob-cause = 'Faulty Pump Compensator'. 
/* 
if major-system = ‘hydraulic’ 
and hydraulic-sub-system = 'Utility Power System! 
and ÓN Cd = 
"Power Supply Pressure Fluctuates' 
amara pag press = “High Pressure’ 
DO rad press = '"Nórmal' 
and display([nl,nl,' 
If the pressure indicates High, Normal, or Sac eee a, then 
troubleshoot the Indicating System, or troubleshoot the symptom: 
"Power Supply Pressure Fluctuates".',nl,n1]) 
ae adr- proba ause = "CHECK ANOTHER SYMPTOM’. 
x 


whenfound(dir-rdg-press = 'Normal') = 
display((n1,' 
are sure thae the Pressure indicating System is OK, and 
A ea rect- reading Gauge pressure is normal, then 
the next check of this symptom is: 


Check the Utility System Package Manifold Relief Valve 
area king Pressure. nil, nil). 


rule-60: if util-pwr-sys-symptom = 
'Power Supply Pressure uctuates' 
and SS = 'Normal' 
and rel-valv-crkg-press = 'bad' 
ana ralisplay([ni,ni,' 
Replace the Manifold.',ni,nl]) . 
then hydr-prob-cause = ‘Faulty Relief Valve’. 


uestion(rel-valv-crkg-press) = [' 
ls the Relief Valve Cracking Pressure 
Herod! or "Dad"? ]., 


legalvals(rel-valv-crkg-press) = ['good','bad']. 


whenfound(rel-valv-crkg-press = 'good') = 
display((nl,' . 
If you are sure that the Pressure Indicating System is OK, and 
tae see E T gauge pressure is normal, and 
one Reef Valve Cracking Pressure is good, then 
the next check of this symptom is: 


Ma Disconnect the line from thelaft end of the valve. 
In | 
3. Cap the valve fitting. 
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4. or rai the ARU? 
5. Check for a steady power supply pressure.',nl,nl}). 


A = |! 
s the Power Supply Pressure Steady?']. 


legalvals(sup-press) = ['yes','no']. 


rule-61: if util-pwr-sys-symptom = 
"Power Supply Pressure k tes 
and do > = 'Normal' 
and rel-va V=Crkg-press = 'good' 
and sup-press = ee 
and display ala 
Replace the High Pressure Relief Valve.' nl1,n1]) 


then hydr-prob-cause = 'High Pressure Relief Valve Leaking'. 
PIS UTILITY POWER SYSTEM SYMPTOM: 
APU WILL NOT START ---- */ 


whenfound(util-pwr-sys-symptom = 'APU Will Not Start') = 
display noli 
The first check of this symptom is: 


Check the Accumulator Pressure Gauge.',nl,nl,nl]). 


A smc) = [! 
s the Accumulator Pressure 3000 psi?']. 


legalvals{accum-press-ck) = ['yes','no']. 


rule-62: if util-pwr-sys-symptom = 'APU Will Not Start' 
and accum-press-ck = 'no! 
and display (ini snl. | 
Pressurize the Accumulator with the handpump.',nl,nl]) 


then hydr-prob-cause = 'Low Accumulator Hydraulic Pressure’. 
whenfound(accum-press-ck = 'yes') = 
display (itil. 


If you are sure that the Accumulator pressure is 3000 psi, then 
the next check of this symptom is: 


Depressurize the Accumulator. Check the Air Charge.',nl,nl,nl]). 
quest Seay sc cun ae cae = [! 
ave 


Does the Accumulator ORP LOPER 
Air charge?']. 
legalvals(accum-gas-chg) = ['yes','no']. 
rule-63: if util-pwr-sys-symptom = 'APU Will Not Start' 
and accum-press-ck = 'yes' 
and accum-gas-chg = 'no' 
and A 
Recharge the Accumulator A 
then hydr-prob-cause = 'Low Accumulator Gas Charge'. 
whenfound(accum-gas-chg = 'yes') = 
display Cini z 


If you are troubleshooting the symptom: 
"APU W111 Not Starti Peen l , 
If you are sure that the Accumulator pressure is 3000 psi, and 
that the Accumulator has a proper air charge, then 
the next check of this symptom is: 


Disconnect the plug - 136PS from the pilot valve. 
Check for 24 vdc between pins 2 and 3. 


E ou are troubleshooting the symptom: 
Unable to Pressurize Accumulator With Handpump", then 
If you are sure that Accumulator has a proper gas charge, then 
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Ghee cnemDepressurizing Valve pointer position.',n1l,n1,n1]). 


C ae voltage) = [' 
s there 24 vde between 
pimse2 and 3c ' |. 


legalvals(plug-voltage) = ['yes','no']. 
rule-64: 1f util-pwr-sys-symptom = 'APU Will Not Start! 


and accum-press-ck = 'yes' 
and accum-gas-chg = 'yes' 
and plug-voltage = 'no' 


andea play nI nl," 

Corrnoct improper installation. 

Check again. If voltage still not present troubleshoot 

the electrical system using Al-H46AE-420-000, section WP 009 00. 


¿n1,N 

then hydr-prob-cause = 'Check Valve Installed Backwards'. 
whenfound(olug-voltage = 'yes') = 

display([nl,' : i 

If you are sure that the Accumulator pressure is 3000 psi, and 

that tne Accumulator has a pora air charge, and 

Phat weieeeneeke Valve is installed properly, then 

the next check of this symptom is: 


If voltage is present at the Check Valve from the last check, 
Disconnect the APU signal line at the APU pump-motor. 
Cap the motor opening. 


a g 
a Install a gauge exceeding 3000 psi capacity into the line. 
5. 


Sb 


Operate the APU start switch. 
Note the gauge pressure.!,nl,nl,nl]). 
Sue ee Ode ae ces), ie 
s there 5000 psi indicating on 
the gauge?'] 
legalvals(gauge-press) = ['yes','no']. 


rule-65: if util-pwr-sys-symptom = 'APU Will Not Start' 
and accum-press-ck = 'yes' 


and accum-gas-chg = 'yes' 
and plug-voltage = 'yes' 
and SS = 'no! 
and display([nl,nl,' 


If pressure is not read, replace the valve.', nl,nl]) . 
then hydr-prob-cause = 'APU Start Sequence Pilot Valve Not Opening'. 


> UTILITY POWER SYSTEM SYMPTOM: 
SUBSYSTEMS NOT RECEIVING PRESSURE ---- */ 
whenfound(util-pwr-sys-symptom = 'Subsystems Not Receiving Pressure') = 
display([nl,' 


The first check of this symptom is: 
Check the position of the Depressurizing Valve.',nl,nl,nl]). 
rudesee: if A 5 ane OM = 'Subsystems Not Receiving Pressure! 
anal alve=pointer = '£i11' 
and display([nl1, ' 
Tuonane valve co NORM.’ nl nlj) 
then hydr-prob-cause = 'Depressurizing Valve Turned to FILL'. 


whenfound(valve-pointer = 'normal') = 
display({nl,' 
EE you are troubleshooting the symptom: 

(=igeystems Not Receiving Pressure", then aa 
If you are sure that the valve pointer is in the NORM position, then 
the next check of this symptom is: 


Manually open the No.2 valve. 
Check for pressure at the ramp control. 


If you are troubleshooting the symptom: 
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"Unable to Pressurize Accumulator With Handpump", then 
A mio 
ques oneal ress) = [' 
s there pressure at the ramp and hatch 
controls aa] 


legalvals(ramp-ctrl-press) = ['yes','no']. 


rule-67: if util-pwr-sys-symptom = ‘Subsystems Not Receiving Pressure! 
and valve-pointer = 'normal' 
and Secs eae ON 
and display({nl,' 


O the Manifold, using Al-H46AE-450-000, section WP 030 00. 
A 
ChengnVdr=—prco=eauce = 
'Isolation Manifold No.1 Valve Not Open When De-energized’. 
whenfound(ramp-ctrl-press = 'yes') = 
oe 
Tf you are sure that the valve pointer is in the NORM position, and 
that there 1s pressure at the rampeandenatcl controls scien 
the next check of this symptom is: 


Check the Accumulator for gas precharge.',nl,nl]). 


rule-68: if util-pwr-sys-symptom = 'Subsystems Not Receiving Pressure! 
and valve-pointer = 'normal' 
and ramp-ctrl-press = 'yes' 
and accum-gas-chg = 'no 


and display([n1l, 
Service the Accumulator using Al-H46AE-450-000, section WP 013 00. 


li ade) 
then hydr-prob-cause = 'No Accumulator Gas Precharge’. 
rule-69: if util-pwr-sys-symptom = ‘Subsystems Not Receiving Pressure' 
and valve-pointer = 'normal' 
and ramp-ctrl-press = 'yes' 
and accum-gas-cng = 'yes! 


and display({nl,' | . 
Sorry, this situation 1s beyond the scope of this program.',nl,nl]) 
then nydr-prob-cause = 'UNKNOWN - NOT PROGRAMMED YET'. 


ee UTILITY POWER SYSTEM SYMPTOM: 
UNABLE TO PRESSURIZE ACCUMULATOR WITH HANDPUMP ---- */ 


When Cou e Que” PW Sy ee eae = 

‘Unable to Pressurize Accumulator With Handpump') = 
display([nl,' 
The first check of this symptom 1s: 


Check the Accumulator for a Gas Precharge.',nl,nl,nl]). 


rule-70: if util-pwr-sys-symptom = 
‘Unable to Pressurize Accumulator With Handpump' 


and accum-gas-chg = 'no' 
and a o 
Recharge the Accumulator.',nl,n1]) 


then hydr-prob-cause = 'No Accumulator Gas Precharge'. 


rule-71: 1f util-pwr-sys-symptom = 
'Unable to Pressurize Accumulator With Handpump' 
and accum-gas-chg = 'yes' 
and valve-pointer AA 
and display ni ni i 
Turn the Depressurizing Valve to NORM.',nl,nl] 
then hydr-prob-cause = 'Depressurizing Valve at FILL'. 


question(manifold-press) = La 
Is the pressure maintained?']. 
legalvals(manifold-press) = ['yes','no']. 


rule-72: 1f util-pwr-sys-symptom = 
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‘Unaple to Pressurize Accumulator With Handpump' 


and accum-gas-chg = ‘yes’ 
and valve-pointer = 'normal' 
ana manlfold-press = 'yes' 


and display( [nl nl,' l 

If pressure can be maintained, this is an indication of a 

leak downstream form tne manifold: panda the leak.',n1,n1l]) 
then hydr-prob-cause = 'Leak in System'. 
rule=/3: if util-pwr-sys-symptom = 

'Unable to Pressurize Accumulator With Handpump' 


and accum-gas-chg = 'yes' 
ana valvespolnter = “normal! 
and manlfolc-press = 'no' 


end display Gilgen see 
Sorry, this situation is beyond the scope of this program. ',nl,nl]) 
then hydr-prob-cause = 'UNKNOWN - NOT PROGRAMMED YET‘. 


[ Reorecccnce- UTILITY POWER SYSTEM SYMPTOM: 
REPEATED EXTENSION OF FILTER CONTAMINATION INDICATORS ---- */ 


whenfound(util-pwr-sys-symptom = 
Mepeated extensión Or bilter Contamination Indicators') = 
display([nl,' 
Troubleshooting procedures for this symptom are: 
Inspect the filter elements for metallic matter. 
If metal is present the first time: 
chance the Accumulator and flush the system. Then, 
inspect the filter elements again. 
If metal is present a second time: 
= change the Utility Pump and flush the system. Then, 
inspect the filter elements again. 
Peemecal is present the thira cmeck:; , 
changethePump-motorand flush the APUlinesand system.',nl,nl]). 


reece eeeee elements ) = [! 
Smemene aqy metallic matter in 
the filter elements?'] 
legaivals(filter-elements) = ['Yes, Metal present','No Metal']. 
m ene: if Bid ogee foo ye con = 
mevpeatec Extension Of Filter Contamination Indicators’ 
and filter-elements = 'Yes, Metal present' 
then hydr-prob-cause = 
‘Faulty Accumulator, Utility Pump, and/or Pump-motor'. 
milie=75: 1£ util-pwr-sys-synpton= . 
'Repeated Extension of Filter Contamination Indicators' 
and filter-elements = 'No Metal' 
aná display([nl,nl,' 
Tf you do not have any metal present in the filter elements 
upon the first inspection, then the problem is beyond the 
scope of this program. 


If you have already changed the Accumulator and/or the eee? Se 
and there 1s not metal present on gee ot inspections of the filter 
elements, then problem is solved.',nl,nI]) 

tnen hydr-prob-cause = 'UNKNOWN - NOT PROGRAMMED YET'. 


Forro UTILITY POWER" SYSTENTSYMBROM: 
HYDRAULIC CHATTERING OR HIGH FREQUENCY VIBRATIONS IN SYSTEM -- */ 


whenfound(util-pwr-sys-symptom = 
A O or High Frequency Vibrations in System') = 
isplay({nl,' 
Troubleshooting procedures for this symptom are: 


1. Apply electrical power to the helicopter. 
lel 


Set the ROTOR BRAKE switch to OFF. 

Disconnect pressure line from pump ana plug pers, 
Pressürize system: 

Use a teststand. 

Check for fluid flow from the pressure line.',nl,n1]). 


uestion(press-line-fluid-flow 


= Í! 
s there anyinydraulic r rrurd A 
from the pressure line?']. 


legalvals(press-line-fluid-flow) 


rule = 10 util -pwiosyo=s vice 
EAE pale or High Frequency Vibrations in System' 
and press-line-fluid-flow = 'yes' 
and display([nl,n1l,' 
Replace the Check Valve using Al-H46AE-450-000, 
section WP 022 00.7 nin» 
then hydr-prob-cause = 
'Faulty Check Valve between Pump Pressure Outlet and Pressure Filter'. 


rule-77: if util-pwr-sys-symptom = 
'Hydraulic Chattering or High Frequency Vibrations in System! 
and press-line-fluid-flow = 'no' 
and display([nl,n1,' | 
Sorry, this situation is beyond the scope of this program.',nl,n1]) 
then hydr-prob-cause = 'UNKNOWN - NOT PROGRAMMED YET'. 


DU GY PO 


[yes nord 


[RKKAKKKKAK END OF UTILITY HYDR POWER SYSTEM KKKKKKAKKKKKKKKRKK KAKA | 


[RERERRARRRE UTILITY PRESSURE INDICATINGCIS o TENE 2 777 


whenfound(hydraulic-sub-system = 
utility pressure Indicating system') = 
util-press-ind-symptom. 


question(util-press-ind-symptom) = [' 
What are the symptoms of the 
problem ("gripe")?',nl]. 


legalvals(util-press-ind-symptom) = 
"no indicator pointer movement', 
pressure resina idolo 
'erratic or sluggish pointer movement']. 


pr UTILITY PRESSURE INDICATING SYSTEM SYMPTOMS: 
NO INDICATOR POINTER MOVEMENT == =-=-- x/ 


whenfound(util-press-ind-symptom = 
'no indicator pointer movement!) = 
display (ME ale 
Check the HYDRAULIC BOOST PRESSURE UT 
circuit breakers located on the cockpit overhead console.',nl,nl,nl]j). 


rule-78: if util-press-ind-symptom = 'no indicator polnter movement" 
and 'circuit breakers are out’ 
and display([nl,nl,' 
You need to push ln the HYDRAULIC BOOST PRESSURE UT 
circuit breakers located yen Che Ccockp ao NES acom ces 
before you can begin troubleshooting.',nl,nl] 
then hydr-prob-cause = 'No AC electrical power'. 


whenfound('circuit breakers are out' = 'no') = 
Gisplay( [ni ,nljne wee 
I ou have checked to make sure that the HYDRAULIC BOOST 
PRESSURE UT circuiti preaksrs Located 
as overnead panel are in fact IN, now 
check for 26 vac at pin B of indicator plug dna pin becteene 
transmitter pug: 
Checx wicing continulty a e 
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rule-79: 1£ util-press-ind-symptom = 'no indicator pointer movement ' 
and not('circuit breakers are out') 
ana 'connector or wiring continuity' = 'bad' 
dacecisplay ini ni, 
Repair the wiring or the connector usin 
A AIoAE -120-000 WP 004 00.',nl,nl,nl} 


then hydr-prob-cause = 'Faulty Wiring or Connector’. 
rule-80: if util-press-ind-symptom = 'no indicator pointer movement' 
and not(*circuit breakers are out’) 
and ‘connector or wiring continuity! = 'good'! 
and 'accum gauge press' = 'normal' 
or '‘accum gauge press! = 'high' 
or '‘accum gauge press' = 'low' 
Ica 


or ‘accum gauge al 
and digplay(inin a l 
if the accumulator pressure gauges are reading normal, high, 
love on fluctuating . 

then the indicator 1s faulty. Replace the indicator using 
ioe oem we O35 002 ni, nt ,nl]) then hydr-prob-cause = 
ameriten Control Pressure Indicator’. 


queae ork accun gauge press') = [nl,nl,' 
Nicdesare Ene saAccumulator pressure 
gauges reading?',nl]. 


legalvals('accum gauge press!) = 
en i l i | i , i I 1 
Maa Low, normal’, fluctuating','no pressure']. 


whenfound('accum gauge press' = 'no pressure') = 
display((nl,nl,' k 
If you are sure that the accumulator gauge pressure is indicating 
no pressure, , , 
ou must now troubleshoot the ES Utility Power System using 
al-H46AE-450-000, section WP 008 00.' nl,nl]). 


rule-31: 1f util-press-ind-symptom = 'no indicator pointer movement' 
aa Roe ereit breakers are Out.) 
Sn connector Of Wiring continuity’ = 'good' 
and 'accum gauge press' = 'no pressure' 
then hydr-prob-cause = E 
'No System Pressure - Hydraulic Utility Power System faulty'. 


/*----UTILITY PRESSURE INDICATING SYSTEM SYMPTOMS: 
PROD SURE RERDIUNG UGH CR GOW 2 #Ss+5- a 
whenfound(util-press-ind-symptom = 
‘pressure reading high or low') = 
dvsplay([nl,nl,, ' | 
The first troubleshooting step 1s to: 


Troubleshoot the pressure TRANSMITTER and INDICATOR. 
Troubleshooting procedures for these two parts have not been 
programmed yet. 


Second troubleshooting step: 
Seck the viring continuity:-' nl,nl]). 


rule-82: if util-press-ind-symptom = 'pressure reading high or low' 
and 'wiring continuity' = 'bad' 
and display([nl,n1, ' f 
kepalr he wiring or the connector usin 
Al-H46AE-420-000; WP 004 00.',nl,nl,nl] 


then hydr-prob-cause = 'Faulty Wiring or Ground Connection'. 
rule-83: if util-press-ind-symptom = 'pressure reading high or low' 
mora continuity. = "good: 
and do | e ane 
Sorry, CADS does not know what the problem is if the wiring 


S ehecks "good". !' ni,ni,nl| > 
then hydr-prob-cause = 'UNKNOWN - NOT PROGRAMMED YET'. 


A IIA ERES SURE INDICATING SISTEM SYMPTOMS : 
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SLUGGISH OR ERRATIC POINTER MOVEMENT  ------ x/ 


whenfound(util-press-ind-symptom = 
terrat rc Ton sluggish pointer movement') = 
display (ine, cy . | 
The first troubleshooting step is to: 


Troubleshoot the pressure TRANSMITTER and INDICATORS 
Troubleshooting procedures for these two parts have not been 
programmed yet. 

Second troubleshooting step: 
Check the connectors for tightness, and 


wiring for continuity. yn nie 
rule=-84: if util-press-ind-sympromi= 

terraticror sel chat pointer movement' 

andik connector Sgn eee and wiring continuity’ = 'no' 

and display Mmi nii 

Tighten the connectors. 

Repair the wiring, using 

Al-H£6AE-420-0007 section WENO ral amen: | |p . | 
then hydr-prob-cause = ‘Intermittent Short in Wrring Circuit’. 
rule-35: if util-press-ind-symptom = 

'erratic or sluggish pointer pmo emerit AS 

and 'connector tightness and wiring continuity' = 'yes' 


then hydr-probicaus = 
‘Fluctuating Pressure = Hydraulic Plight Gontrolesystenm ime: sour 


[RRKRKAKKKKKKRKR KK END OF UTILITY SYSTEM MODULE ARARAAA RAR AAKKA / 
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[RAR AARARA RA MAJOR SYSTEM: HYDRAULIC *XXXXXXAXAXAXAMAXAA LARA 


A rv Cc SUB-SYSLEM: 
FLIGHT CONTROL HYDRAULIC SYSTEM----------- x / 


goal = hydr-prob-cause. 


automaticmenu(ALL). 
enumeratedanswers(ALL). 


presupposition(flt-ctril-hydr-sys-symptom) = 
ciotesystem — 'hydraulic' 
and hydraulic-sub-system = 'flight control hydraulic system'. 


presupposition(flt-ctrl-press-ind-symptom) = 
major-system = 'hydraulic' 
Pee ee toms sys tem = 
'flight control pressure indicating system'. 


question(flt-ctril-hydr-sys-symptom) = [' 
What are the symptoms of the problem?',n1]. 


legalvals(flt-ctrl-hydr-sys-symptom) = 
Tow pressure-=system no.l',,' low pressure-system no.2', 
system no.1l pressure fluctuates', 
'system No.2 pressure fluctuates', 
Poyecem NO.) Om No.2 Cannot Be Shut Off’ 


'Hardover Condition In Dual Extensible Links']. 
[*=----SYMPTOM: LOW PRESSURE SYSTEM NO.l-=================-= %/ 


whenfound(flt-ctrl-hydr-sys-symptom = 'low pressure-system no.1') = 
display([nl,' 
Pressurize e with a teststand. Check system for correct 
pressure.” nl, nl]. 


rule-1: if flt-ctrl-hydr-sys-symptom = 'low pressure-system no.1' 
and 'system pressure buildup is correct' 
EPnechmmyar-prob-cause = 'fatilty pump". 


question('system pressure buildup is correct') = 
(nl, 'Is the teststand pressure buildup correct?']. 


legalvals('system pressure buildup is correct') = ['yes','no']. 


TE system pressure buildup is correct! = 'no') = 
display ( (nl, ' 
If you are sure that the pressure buildup is correct using the 
teststand, now 


Check the relief valve cracking pressure.',nl,nl]). 


ASS 1 Elec trl-hyar=sys-symptom = 'low pressure-system no.1' 
and 'relief valve cracking pressure low' 
then hydr-prob-cause = 'relief valve opens at low pressure'. 


o relief valve cracking pressure low') = 
ni,n1, 
Is the relief valve cracking at low pressure?', nl]. 


legalvals('relief valve cracking pressure low') = ['yes','no']. 


rules Tif pete SS Sp ten = 'low pressure-system no.1' 
and Se pressure buildup is correct' 
II ES bier valve cracking pressure Low! ) l 
and display([nl,nl,'Geez, I do not know what is wrong either! 
It is not in the MIMS, cause I already looked.',nl]) 

then hydr-prob-cause = 'UNKNOWN'. 
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[*--------- SYMPTOM: LOW PRESSURE SYSTEM NO.2-------------- k/ 


whenfound(flt-ctrl-hydr-sys-symptom = 'low pressure-system no.2') = 
display ( (nae 

Connect a direct reading gauge to manifold. See Al-H46AE-450- 
000, section WP 010 00, Fig. 1 and 2 


Check for correct pressuder "nine 


rule-4: if flt-ctrl-hydr-sys-symptom = 'low pressure-system no.2' 
and 'dir rdg gauge manifold press' = 'low' — 
then hydr-prob-cause = 'faulty pressure reducing valve or relief valve in 


package manifold’. 
question('dir rdg gauge manifold press') = [nl,' 
What pressure is the directas adi 
gauge indicating at the manifold?',nl]. 
leqalvals('dir rdg gauge manifold press') = 
Tinig o e 


rule-5: if flt-ctri-hydr-sys-sympeenes sows aessure-sy7c tcc 
and ‘dir rdg gauge manifold press' = 'high' 
and A da A 
Troubleshoot utility system for low pressure, 
using Al-H46AE-450-000, Section WE 808 00s nly nuly 
then hydr-prob-cause = 'low utility system power supply’. 


[*ž------- SYMPTOM: SYSTEM NO.S URE LUCIA MES * / 


whenfound(flt-ctrl-hydr-sys-symptom = 
'system no.l pressure fluctuates!) = 
displaví([nl,' a 
Troubleshoot the indicated ae usin 
Al-H46AE-450-000, section WP 011 00.',nl,nl]). 


rule-6: if flt-ctri-hydr-sysasymptom = ‘systemenon ls presstre se Neeuacce, 
and 'faulty “andacatingms ys cua | 
then hydr-prob-cause = ‘faulty indicating system’. 


que Se Coe ate indicating system!) = [nl,' 
Does the indicating system have problems?! ,nl]. 
legalvals('faulty indicating system') = ['yes','no']. 
whenfound(' faulty indicating system' = 'no') = 
display([nl,' A 
If you have troubleshot the indicating system, and are sure 
that it works properly, then: 


eneck ieee pressure with transmissions O Connect 
a direct reading gauge to PRESS OUT port of system no.l package 
manifold. | 
Use Al-H46AE-450-000, section WP 034 00.',nl,nl1]). 

rule-7: if flt-ctrl-hydr-sys-symptom = 'system no.l pressure fluctuates! 
and 'manifold pressure' 

then hydr-prob-cause = 'Faulty pump compensator'. 


question('manifold pressure') = Ma 
Does the direct reading gauge indicate 
fluictuationmorettaan AO SiO 
drops below minimum gauge pressure?']. 


legalvals('manifold pressure') = ['yes','no']. 
whenfound('manifold pressure' = 'no') = 
display([nl,'. 
Check the relief valve cracking pressure.',nl,nl]). 
question('relief valve crkg press') = [nl,' 
Is the relief valve cracking at the 
correct pressure?']. 


legalvals('relief valve crkg press') = ['yes','no']. 
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rule-8: if flt-ctrl-hydr-sys-symptom = 'system no.l pressure fluctuates' 
and 'relief valve crkg press' = 'no' 


then hydr-prob-cause = 'faulty relief valve'. 
whenfound('relief valve crkg press' = 'yes') = 
display([nl,' 


Cecek en tter and line for restrictions.',nl,nl}). 


cucc on a enil ter and line testricted') = [nl,' 
Is tne vent filter and line restricted?',nl)]. 


legales Veneer ter and line restricted’) = ['yes','no']. 


Bee lo Le-Cet Lb -NVOL-syo-sympcom — system no.l pressure fluctuates' 
ence vette filter and line Peste ted 

then nyar=prob-caúuse = "restricted air flow through vent filter'. 

rule-10: if flt-ctrl-hydr-sys-symptom = system no.l pressure fluctuates' 


ana a indicating system! 
IE e yave Crikg press 
and Bee ete filter and line restricted') 
and not('manifold pressure') 
end display([ni,nl,' — 
Sorry. This problem is beyond the scope of this 
ajo al nin | 
then hydr-prob-cause = 'UNKNOWN - keep troubleshooting’. 


[age A FLT CTRL SYMPTOMS: SYS NO.2 PRESSURE 
FLUCTUATES---------------- * / 


whenfoune(flt-ctrl-hydr-sys-symptom = 'system No.2 pressure fluctuates!) = 
display([nl,' a 
Troubleshoot the indicating system, u 


sing 
Al-FH46AE-450-000, section WP 011 00.', ,n1l,n1]). 


EEC tr ly dr sys=symptom =.'system No.2 pressure fluctuates' 
and 'faulty indicating system' |. . 

then hydr-prob-cause = 'faulty indicating system’. 

whenfound('faulty indicating system' = 'no') = 


aplay [nl nl nl nl, a 
If you have troubleshot the indicating system, and are sure 
that 1t works properly, then: 


Connect a direct reading gauge to manifold. See Al-H46AE-450- 
G0, section WP 010 00, Fig. 1 anduz2. 
Check for correct pressure.',nl,nl]). 


rule-12: if flt-ctrl-hydr-sys-symptom = ee No.2 pressure fluctuates' 


ice ame rra gauge manifold press TSi 'hig 
dida gauge manitolarpressii= low". 
then hydr-prob-cause = 'faulty pressure reducing valve in 


package manifold’. 


MS ARSS Sapos ys tem Nosz pressure fluctuates’ 
and 'dir rdg gauge manifold press' = 'fluctuating' 
and ela miden! 
Since you entered "fluctuating" for the direct reading gauge 
pressure check, now: 


Troubleshoot the utility system.',nl,nl,nl]) 
then hydr-prob-cause = 'Utility system power supply fluctuating’. 


[®-------------- FLT CTRL SYMPTOMS: SYS NO.1 OR NO.2 CANNOT 
BE SHUT OFF-------------------------------------- */ 


whenfound(flt-ctrl-hydr-sys-symptom = 
eee Now! Or No.2 Cannot Be Shut Off') = 
display([nl,' 
Your first troubleshooting check will be: 


AECI Zi v de at pin Z Of Module connector 033P1.',n1,n1]). 
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guest on module connector voltage') = [nl,' 
s 28 vdc present at pin Z of the 
module CoOnieevor ss 1- ye 


legalvals('module connector voltage') = ['yes','no']. 


rule-14: if ane cun ee sys-symptom = 
'System No.1 or No Cannot Be Shut Off' 
and not(' moana connector voltage’ ) 


then nydr-prop-cause = 'System No.1 module pilot valve control 
circuits are opeèên', 

whenfound('! noo connector voltage' = 'yes') = 
display([nl 


Your next pee o noo rine check will be: 


Check for 28 vdc at pin A of package manifold plug 
P765 = 033P: niL nins 


JUE nE manifold omg P765 Soga mapin., 
s 26 'vdc presentacion amo 
package manifold plug P765?']. 


legaivals('manifold plug P765 voltage') = ['yes','no']. 
rule-15: if flt-ctri-hyadr- Sys- symptom = 'System No.1 or 
No.2 Cannot Be Shut org 


and ‘module connector voltage' 
and notí'manifold plug P765 TEO 


then hydr-prob-cause = 'System No.2 package manifold solenoid 
valve control circuit is open'. 
whenfound(' manifold plug P765 voltage' = 'yes') = 


display([nl, 
Your next o check will be: 


Check for continuity of gng circuit through opposite system 
pressure switch. "S mos mi 


que eae manifold solenoid runa! y= toe! 
s there Conanu of thefground el cura 
through the opposite s pressure switch?']. 


legalvals('manifold solenoid ground') = ['yes','no']. 


rule-16: if eet: ctrl- Dye sys-symptom = 
aS stem No.1 or No Cannot a Shut occ 
an RGEC connector volta 
and 'manifold plug P765 vol qe 
and nct('manifold solenoid gronn p 
then hydr-prob-cause = 'Package Manifold Solenoid 
valve ground circuit is open'. 


whenfouna(' mani fold solenoid ground' = 'yes') = 
display([nl, 
Your next troleo check will be: 


With 28 vdc applied and pena: circuit completed, the valve 
should operate properly.',nl,nl]). 


question('manifold solenoid valve o O ) =n 
Does the module solenoid valve in t 
package manifold operate A 


legalvals('manifold solenoid valve operation') = ['yes','no']. 


rule-17: if flt-ctrl-hydr-sys-symptom = 

ES stem No.l or No:2 Cannot Be Shut off 

and 'module connector voltage' 

and 'manifold plug P765 vol age | 

and 'manifold solenoid ground 

and not('manifold solenoid valve operation' ) 
then hydr-prob-cause = 'Faulty Package Manifold Module Solenoid Valve'. 
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rigte=16.. 15 es ey ee SYS "symptom = 

NS LEN NOS Of NO.2 Cannot Be Shut OfE’ 

and 'module connector voltage! 

AO manifold plig P765 vol age! 

and 'manlfold solenoid ground 

and 'manirold solenoid valve operation! 

and dispiay([nl,' 

alce cascelós P did were good. 

Sorry, the problem is beyond the scope of this program.',nl,nlj) 
then hydr-prob-cause = 'UNKNOWN - not programmed yet'. 


SA FLT CTRL SYMPTOMS: HARDOVER CONDITION 
IN DUAL EXTENSIBLE LINKS---------------------- k/ 


Whenfound(flt-ctri-hydr-s s-symptom = 
'Hardover Condition In Dual Extensible Links') = 
O 
Check tne Dual Extensible Links filter elements for evidence of 
contaminat iome nl nl]): 


question('dual ext link See = [nl,' 
Been hree extensible link filter 
elements contaminated?']. 


o eals dual ext link filters') = \eyds','no"). 


Beni git flt-ctri-hydr-sys-symptom = 
'Hardover Condition In Dual Extensible Links' 
anuales to link filters o 

then hyar-prob-cause = 'Contamination in affected system'. 


/*RkRKKKK HYDRAULIC SUB-SYSTEM: 
FLIGHT CONTROL PRESSURE INDICATING SYSTEM AXXXXARARARRARARAR / 


question(flt-ctrl-press-ind-s tom) = [' 
What are the sym toms of Sia 
problem ei 


Dee et eee ress na inn on) = 

indicator pointeridoes not moye'” 
"low pressure indication','high pressure indication', 
'"erratic or sluggish polnter movement']. 


Ja FLIGHT CONTROL PRESSURE INDICATING SYSTEM SYMPTOMS: 
PONDI ATORSEOTNTERT DOES NOT MOVE  ====-- 


The following troubleshooting procedure "Checking the HYDRAULIC 
B@O@stePREooURE ©ircuit Breakers are in, is not considered a 
troubleshooting procedure by the NAESU tech reps. It is 
commented out of this program. It OS here only because it 
cook allot of programming work to put 1t 1n!! "=== -=------ 


whenfound(flt-ctrl-press-ind-symptom 
atea ton pointer does not move”) 
emsplay((ni,nl,' 
C e ene mi PREULLC BOOST PRESSURE NO.1 amd NO.2 circuit 
breakers located on the cockpit overhead panel.',nl,nl,nl]). 
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rule-24: if £lt-ctrispress- 1d mp LESS 
indicator pointer does not move' 
and 'circuit breakers are out' 
and display [nil a 
You need to push in the HYDRAULIC BOOST PRESSURE NO.1 and NOw2 
circuit breakers located on eneecock pre wover teace omer 
before you can begin troubleshooting.' ,nl,nl]) 
then hydr-prop-cause = 'no AC electrical power'. 


question('circuit breakers are out') = [nl,' 
Are the slight contuedspresstne 
indicator circuit Breakers out amnis 


legalvals('circuit breakers are out') = ['yes','no'].-------- % 


whenfound( flt-ctrl-press-ind-symptom 
‘indicator pointer doesTnoiri moyen 
display([nl,n1,' 
The first troubleshooting check of this symptom is: 


check for 26 vac at pin B of indicator socket and pin B of the 
cransmirtterk ae 
Check wiring continuity. ' nl) mane 


rule-25:mf flt ctrl press ind symptoms 
'indicator pointer does not move' 
and 'connector or wiring continuity' = 'bad' 
and A A 
Repair the wiring or the connector usin 
Al-H46AE-420-000, WP 004 00.',nl,ni,nl] 
then hydr~prob-cause = 'Faulty Wiring or Connector'. 


guest zon S onre eoan wiringacontinuity — | Mee 
f either of these 1s "bad" enter "bad": 
26 vac at pin B of the indicator 
AA and pin B of transmitter 
WEE Iti Cont Inuity: 
If both are "good" enter  qeod aie 


legalvals('connector or wiring continuity') = ['good','bad']. 
whenfound( ‘connector on wiring continuity: =- "Good s— 
disp May([nl, nl, | 


Tf you are sure that the connector and that wiring 
continuity are both "good", do the following: 


check the pre- AS with a direct reading 
gauge at the pressure transmitter.',n1l,n1]). 


rule=26: if £1t-ctri-pressSind-svmptonm= 

‘indicator pointer does not move’ 

and "connector Of Wilimagecomlinvity s-— dood: 

and 'dir rdg press' = ‘normal! 

and display([nl,nl,' | 

If the direct reading pressure at thew transmiucer is reading 

normally, then theta caros ca E 

Replace the indicator using Al-H46AE-500-000, WP 012 00.',nl,nl,n1l]) 
then hydr-prob-cause = 'Faulty Flight Control Pressure Indicator’. 


guestion('dir rdg press mapa ae 
What is ehe atreci read aE 

at the transmitter indicating?',nl]. 
legalvals('dir rdg pro = 
(['nigh",'low', "normal" Aaa tina 
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/*----FLIGHT CONTROL PRESSURE INDICATING SYSTEM SYMPTOMS: 
CO UREA 0 | aS==-- x / 


whenfound(fit-ctrl-press-ind-symptom = 
'low pressure indication') = 
display (ninl, 
Check the reading on the hydraulic system accumulators (direct 
reading gauges). | 
If the nydraulic accumulators are indicating normal pressures in 


the hydraulic systems, then the indicators or the transmitters 
are ity] nl ni) ). 


rule-29: 1£ fit-ctri-press-ind-symptom= 'low pressure indication! 
and 'dir rdg press' = 'normal' 
and display({nl,n1, ' 
I= the direct reading gauge indicated normal pressure, 
then replace the indicator.',n1]) 
then hydr-prob-cause = 
Rault indicator Cc transmitter’. 


/*----FLIGHT CONTROL PRESSURE INDICATING SYSTEM SYMPTOMS: 
HIGH PRESSURE INDICATION == === 3 = -=---- x 


whenfound(flt-ctri-press-ind-symptom = 
‘high pressure indication') = 
display((ni,ni,' 


The first troubleshooting step is to: 


Troubleshoot the pressure TRANSMITTER and INDICATOR. 
Compare the hydraulic accumulator pressure (direct reading 
galgo te tie tmarecacon. the accumulators are reading 
normal pressure, then the indicators or transmitter is 
Fauity. 

Second troubleshooting step: 

Cheewmerne WitIng continuity.’ ni,;nil). 


Bees). 1E os tom = 'high pressure indication' 
and 'wiring continulty' = 'bad' 
and dispiay((nl,n1,"'. 
Repair the wiring en 
Oe 420-000; WP 004 00.',ni,ni,nl]) . 
then hydr-prob-cause = ‘Incorrectly Wirea Indicator or Transmitter'. 


PES ELTGAT CONTROL PRESSURE INDICATING SYSTEM SYMPTOMS: 
SUE TS POR RRATTE POINTER MOVEMENT = 8  j------ * / 


whenfound(flt-ctri-press-ind-symptom = 

ETL Or sluggish pointer movement!) = 

ae 
Troubleshoot the pressure TRANSMITTER and INDICATOR. . 
Compare the hydraulic accumulator pressure (direct reading 
Gauge) to the indicator, If the accumulators are reading 
normal pressure, then the indicators or transmitter is 
faulty.',ni,ni]). 


Rese EC Cc lo press-ind=symptom = 

'erratic or sluggish pointer movement' 

and 'dir rdg press' = 'normal' 

and display({nl.ni.' 

If the direct reading gauge indicated normal pressure, 

then replace the indicator or the transmitter.',nl]) 
then hydr-prob-cause = 

'aatueey anealcacor or transmitter’. 


[ RRRKRRKRRAKKKKAKKKKKK END OF HYDRAULICS MODULE RARKAKAKAKKAKAKAKK KK / 
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